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PREFACE. 


In  the  conclusion  of  my  Inaugural 
Dissertation,  published  at  Edinburgh 
in  1803,  I promised  to  investigate 
more  fully  the  torpidity  which  certain 
animals  experience  during  winter.  I 
now  perform  that  task  imperfectly, 
rather  than  leave  the  subject  any 
longer  unnoticed.  The  following  Es- 
say has  been  written  in  the  intervals 
of  professional  employment,  and  I 
now  make  it  public,  with  a hope  to 
convey  some  useful  information. 


That 
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, That  it  does  not  contain  a complete 
view  of  all  the  bearings  of  the  ques- 
tion concerning  torpidity,  I am  well 
aware,  because  some  parts  of  that 
subject  are  of  the  greatest  possible 
complexity.  1 have  collected  the 
principal  facts  relating  to  this  curious 
inquiry  which  1 could  find  in  various 
authors.  To  the  posthumous  work  of 
Spallanziini,  published  by  Senebier 
under  the  title“  Rapports  de  TAir  avec 
les  Etres  organises,  3 tom.  a Geneve, 
1807/^  I am  indebted  for  many  illus- 
trations of  the  reasonings  which  I 
have  [brought  forward  ; and  1 have 
availed  myself  of  the  experiments  and 
observations  of  others,  wherever  they 
appeared  more  conclusive  than  any 
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of  mj  own.  I did  not  meet  with  a 
little  work  on  the  Brumal  Retreat  of 
Swallows,  until  this  Essay  was  just 
finished.  My  regret  in  not  seeing  it 
sooner  has  been  lessened  by  finding 
some  of  my  opinions  confirmed  by 
the  observations  of  the  author,  who 
signs  himself  P hilochelidon. 

In  discussing  the  theory  of  respira- 
tion and  the  source  of  animal  tem- 
perature, I have  followed  the  doctrine 
taught  by  Mr.  Allen  in  his  lectures 
on  the  'Animal  (Economy  formerly 
delivered  at  Edinburgh.  The  effects 
of  sudden  changes  of  temperature 
often  demand  a physician^s  attention; 
the  influence  of  heat  and  cold  must 

therefore 
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therefore  be  a proper  subject  for  his 
study  and  contemplation ; since  it 
leads  to  speculations  which  are  inti- 
mately connected  with  physiology  and 
the  practice  of  medicine. 

Norwich^ 

May  \sty  1809. 
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INTRODUCTION. 


Phe  more  we  reflect  on  the  different 
forms  of  existence,  the  more  do  we  per- 
ceive the  wonderful  adaptation  of  the 
different  orders  of  animals  to  the  cir- 
cumstances in  which  they  are  placed ; 
and  whilst  we  discover  a wisdom  and 
contrivance  beyond  the  sagacity  of  the 
human  mind,  we  are  enabled  to. derive, 
some  knowledge  of  the  oeconomy  and 
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fuiiclions  of  the  human  body. — Thus,  in 
the  ordinary  conception  of  physiologists 
in  every  age,  a power  of  generating  heat, 
and  an  uniformity  of  temperature,  have 
been  considered  the  grand  characteristics 
of  animal  life.  The  temperature  of  ani- 
mals has  been  thought  to  remain  always 

O %/ 

the  same,  notwithstanding  the  variations 
of  the  medium  to  which  they  were  ex- 
posed ; and  although  this  is  nearly  true 
as  far  as  man  and  some  of  the  nobler 
animals  are  concerned,  yet  it  is  errone- 
ous when  applied  to  animals  in  general. 
And  the  error  to  a threat  extent  is  com- 

O 

nion  to  some  of  the  best  w riters  on  phy- 
siology. Many  speak  of  the  power  of 
resisting  cold,  of  the  powder  of  generating 
heat,  and  even  of  acting  upon  substances 
in  opposition  to  the  laws  w hich  regulate 
unorganized  bodies,  and  they  apply  to 
these  apparent  exceptions  to  the  ordinary 
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course  of  nature,  the  terms,  vital  power, 
living  principle,  vitality,  life. 

Instead  of  this  uniformity  ot  tempera- 
ture, however,  instead  of  a constant  and 
regular  action  depending  on  the  power 
by  which  living  bodies  are  preserved 
from  decomposition,  we  find  such  tempe- 
rature subject  to  considerable  variation ; 
and  so  great  is  the  mutual  agreement 
between  the  different  parts  of  an  organic 
body,  that  any  modification  of  one  prin- 
cipal function  has  a corresponding  influ- 
ence on  all  the  rest.  Hence  the  chemi- 
cal philosophy  opposes  a different  ex- 
planation to  the  common  opinion ; and 
though  the  explanation  which  it  affords 
is  at  present  confessedly  imperfect,  yet 
It  seems  to  be  w^ell  founded  as  far  as  it 
goes,  inasmuch  as  it  shows  the  necessity 
of  a continual  circulation  of  particles  in 
living  bodies,  and  points  out  the  limits 
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within  which  the  vital  powers  are  re- 
strained. 

Man,  wherever  he  is  found,  has  ac- 
quired and  maintained  a superiority  in 
his  physical  as  well  as  his  moral  faculties 
over  the  rest  of  the  creation.  He  is 
enabled,  by  a more  perfect  organization, 
to  preserve  nearly  the  same  temperature 
under  great  extremes  of  heat  and  cold. 
Most  of  the  inferior  animals  are  confined 
within  certain  limits ; but  the  human 
constitution  has  sufficient  vigour  to 
withstand  the  severity  of  tlie  most  ri- 
gorous climates,  and  sufficient  flexibility 
to  adapt  itself  to  the  most  diversified 
circumstances.  Hence  it  happens  that, 
whilst  the  lower  animals  appear  only  in 
certain  conditions,  wdiere  the  tempera- 
ture and  food  are  suited  to  their  wants, 
man  is  seen  under  the  greatest  variety  of 
situations. 


Connected 
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Connected  with  this  remarkable  dif- 
ference between  man  and  the  brutes, 
there  is  an  inquiry  of  the  greatest  cu- 
riosity. If  animals  be  ever  placed  in 
such  circumstances  as  not  to  be  able  to 
procure  food,  and  rendered  incapable,  by 
the  action  of  cold,  of  exercising  the  two 
important  faculties  of  sensation  and  vo- 
luntary motion,  is  there  any  provision  of 
Nature  which  will  ensure  their  preserva- 
tion ? Experience  tells  us  there  is.  W e 
know  that  a very  large  portion  of  organic 
beings  become  torpid  at  the  approach  of 
winter ; and  when  we  consider  the  im- 
mense tribes  of  insects,  w^orms,  and  ovi- 
parous quadrupeds,  the  number  of  hy- 
bernating  animals  is  greater  than  that  of 
those  which  remain  unalfected  by  cold. 

Nothing  is  more  striking  amidst  the 
variety  of  instinctive  habits  of  animals 
than  this  torpor  or  lethargy,  which  so 

many 
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many  of  them  experience  at  certain  sea- 
sons of  the  year,  or  when  placed  in  pe- 
culiar circumstances.  A continuance  of 
life  under  the  appearance  of  death,  a loss 
of  sensibility  and  of  voluntary  motion,  a 
suspension  of  those  functions  most  es- 
sential to  the  preservation  of  the  animal 
oeconomy, — these  are  the  phaenomena 
which  accompany  the  torpid  state,  and 
they  constitute  one  of  the  most  singular 
problems  in  the  whole  range  of  natural 
philosophy. 

It  has  been  a favourite  object  of  my 
inquiries  to  investigate  the  series  of 
changes  which  the  different  species  of 
animals  undergo  during  their  hyberna- 
tion, and  to  ascertain  the  general  causes 
which  induce  them  to  submit  to  that 
suspension  of  existence.  I was  led  some 
years  ago  to  pursue  this  inquiry,  because 
it  appeared  to  me  capable  of  throwing 

light 
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light  upon  an  Interesting  part  of  natural 
history?  as  well  as  ot  illustrating  some 
important  points  in  physiology  and  me- 
dicine. 

The  influence  of  different  degrees  of 
temperature  on  the  human  body  richly 
deserves  attention ; and  comparative  ana- 
tomy, aided  by  chemical  and  physiologi- 
cal observations,  seems  to  be  the  path 
which  is  to  lead  to  future  discoveries. 
By  investigating  the  functions  of  animals 
whose  organization  is  the  most  simple, 
we  may  be  assisted  in  arriving  at  some 
knowledge  of  the  vital  processes  in  ani- 
mals of  a more  complicated  structure, 
and  our  acquaintance  with  the  whole  is 
likely  to  be  increased  by  studying  the 
mutual  relations  of  different  parts. 

I propose  first  to  describe  the  pha?- 
nomena  common  to  all  those  animals 

which 
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which  become  torpid  during  winter, 
and  then  to  draw  some  general  conclu- 
sions, and  to  make  some  general  remarks 
such  as  the  facts  stated  authorize  me 
to  infer. 
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SECTION  I. 

PHiENOMENA  OF  TORPIDITY. 

D URING  their  state  of  hybernation  the 
temperature  of  the  animals  is  considera- 
bly diminished,  the  circulation  of  the 
blood  becomes  slower  and  is  sometimes 
almost  entirely  stopped,  the  respiration 
is  rendered  less  frequent,  and,  when  the 
torpor  is  complete,  wholly  suspended, 
the  digestion  ceases,  and  the  action  of 
the  muscular  and  nervous  powers  is  for  a 
time  suppressed. 

Some  animals  of  every  class,  except 
birds  and  fishes,  afford  examples  of  this 
suspended  animation  in  the  winter : the 

different 
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diflferent  species,  however,  are  subject  to 
different  degrees  of  torpor ; for  some  re- 
tain an  inferior  degree  of  sense  and  vo- 
luntary motion,  whilst  others  lose  these 
powers  entirely.  At  the  approach  of  cold 
weather,  when  the  thermometer  begins 
to  sink  below  50°,  these  animals  retire 
to  their  holes  in  the  earth,  or  in  trees,  or 
bury  themselves  in  nests  made  of  hay 
and  dried  leaves  under  ground,  where 
they  fall  into  a kind  of  sleep,  and  conti- 
nue totally  inactive  until  the  warmth  of 
the  sun  or  the  calls  of  appetite  rouse 
them  to  the  vigorous  exertion  of  another 
mode  of  life. 

Quadrupeds  of  this  tribe,  and  indeed 
most  of  the  hybernating  animals,  have  the 
habit  of  rolling  up  their  bodies  into  the 
shape  of  a ball  during  their  ordinary 
sleep,  and  they  assume  the  same  form 
in  their  torpid  state,  so  as  to  expose  the 

least 
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least  surface  to  the  cold.  One  of  these 
animals,  the  jumping  mouse  of  Canada 
{Dipus  canadensis)^  has  been  discovered 
completely  enveloped  in  a ball  of  clay 
nearly  an  inch  in  thickness,  perfectly 
smooth  within,  and  it.  was  found  above 
twenty  inches  below  the  surface  of  the 
earth‘d. — The  most  familiar  instances  of 
torpidity  are  furnished  by  the  marmot 
{Mus*  Marrnota),  the  dormouse  {Mas 
avellanariiis),  the  bat  (Vespertilio),  the 
hedgehog  {Erinaceus  eur opceu s),  nnd  by 
flies,  insects,  worms,  and  oviparous  qua- 
drupeds, including  under  that  title,  frogs, 
toads,  and  lizards ; and  to  these  the 
snakes  may  be  added. 


* Transactions  of  the  Linnsean  Society,  vol.iv. 
p.  155. 


I.  The 
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I.  The  temperature  of  hijhernating  ani^ 
mats  is  diminished. 

Experiments  abundantly  prove  the 
truth  of  this  first  position.  Some  facts 
relating  to  this  subject  are  to  be  found 
in  the  writings  of  Mr.  John  Hunter  and 
other  authors,  and  I have  had  opportu- 
nities of  satisfying  myself  as  to  their  ge- 
neral accuracy  by  actual  experiments. 
The  temperature  sinks  as  the  cold  of  the 
atmosphere  increases,  but  remains  some- 
what higher  than  the  medium  in  which 
the  torpid  animals  are  placed.  In  those 
called  warm-blooded  animals,  the  tempe- 
rature varies  from  102°  to  45°,  and  even 
lower ; and  in  amphibious  and  cold- 
blooded animals,  the  thermometrical  heat 
falls  to  two-thirds  of  a degree  above  the 

surrounding 
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surrounding  inediuin,and  sometimes  even 
to  the  same  standard. 

Mr.  Hunter  observed  that  the  tempera- 
ture of  a hedgehog  at  tlie  diaphragm  was 
97°  in  summer,  when  the  thermometer  in 
the  shade  stood  at  78°*:  when  the  sur- 
rounding medium  was  44°  the  animal 
became  torpid,  and  the  temperature  was 
reduced  to  484.® : — when  the  atmosphere 
was  26",  the  temperature  is  reported  to 
have  been  reduced  so  low  as  30°. 

Pallas  observed  that  the  thermometer 
rose  to  39i°  when  placed  in  the  belly  of 
a torpid  hedgehog ; and  Spallanzani  ne- 
ver found  the  temperature  of  the  sur- 
face of  their  bodies  lower  than  36°,  nor 
did  they  become  so  completely  torpid  in 
the  course  of  his  experiments  as  to  be 
insensible  to  stimuli  or  to  the  calls  of 


* Observations  on  the  Animal  CEconomy,p.  1 1?. 

hunger. 
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hunger.  The  average  temperature  of 
hedgehogs  in  summer  is  96®,  and  I am 
disposed  to  think  it  is  never  reduced  in 
winter  much  below  50°. 

The  internal  temperature  of  the  dor- 
mouse in  its  active  and  healthy  state  is 
101°; — when  rolled  up  and  torpid  in  win- 
ter, the  thermometer  indicates  43°,  39°, 
and  even  35°  on  the  external  parts  of  its 
body,  and  when  introduced  into  the  sto- 

I 

mach  indicates  67°,  and  73°. — In  an  ani- 
mal of  the  same  tribe  (the  order  of 
Glires),  in  Russia,  Pallas  found  the  tem- 
perature ^103°  during  summer,  and  84  in 
its  torpid  state.  Marmots  have  a tempe- 
rature 101°,  102°,  which  gradually  sinks 
as  they  become  torpid,  till  it  comes  down 
to  43°,  and  even  lower. 

Bats  have  a temperature  nearly  of  the 
same  standard  in  summer  as  that  of 
marmots  ; they  are  soon  ah’ected  by  the 

changes 
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changes  of  the  atmosphere,  and  they 
cease  to  respire  in  a medium  whose 
temperature  is  43°. — In  the  month  ot 
July,  the  thermometer  standing  at  80°, 
the  internal  temperature  of  a bat  was 
101°,  which  is  just  the  degree  of  heat  in 
a group  of  them  collected  together  in 
summer,  and  may  therefore  be  considered 

the  natural  standard. 

Spallanzani  sometimes  found  bats  cold 
to  the  touch,  breathing  slow,  with  their 
temperature  reduced,  although  the  heat 
of  the  atmosphere  was  80°;  but  probably 
this  was  owing  to  indisposition  from  con- 
finement, or  for  want  of  proper  food. — 
After  being  exposed  an  hour  to  tempera- 
ture 43°,  Spallanzani  observed  that  tlie 
bulb  of  the  thermometer  placed  in  the 
chest  of  a bat  indicated  47°,  four  degrees 
above  the  surrounding  medium ; — exposed 
to  a temperature  below  the  freezing  point, 

the 
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the  temperature  of  the  animals  became 
the  same  as  that  of  the  medium ; yet  it  air 
ways  remains  internally  higher  than  the 
low  temperature  produced  artificially, 
though  the  skin  indicates  the  same. 

The  wood^mouse  (Mus  sylvaticus)  be- 
comes torpid  in  the  month  of  November 
in  Italy ; it  appears  to  be  sooner  affected 
by  cold  than  the  dormouse  or  marmot. 
Spallanzani  found  one  torpid  when  the 
thermometer  in  its  cage  stood  at  43°, — 
the  temperature  of  the  belly  externally 
was  45°,  but  its  internal  temperature  is 
not  much  diminished  even  by  a degree 
of  cold  sufficient  to  render  it  very  torpid. 

Frogs  and  other  amphibious  animals  are 
destroyed  by  exposure  for  a long  time  to  a 
temperature  reduced  within  two  or  three 
degrees  of  the  freezing  point:  they  are 
therefore  enabled  to  withstand  our  win- 
ters, which  are  always  colder  than  that, 
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by  making  holes  in  the  mud  of  ditches, 
or  by  burrpw.ing  into  a moist  and  pene- 
trable soil,  and  they  sink  deeper  and 
deeper  into  these  retreats  in  proportion 
as  the  cold  increases.  The  temperature 
which  surrounds  them  is  about  41°,  and 

their  bodies  indicate  the  same ; they  re- 

%/ 

main  in  a languid  and  inactive  state,  yet 
they  do  not  become  so  completely  torpid 
as  the  class  Mammalia.  This  state  may 
be  induced  by  artificial  cold;  but  if  frogs 
be  completely  frozen,  their  life  is  irre- 
coverably extinguished,  and  in  very  hard 
winters  they  are  sometimes  destroyed  in 
their  natural  hiding-places. 

II.  The  circulation  of  the  blood  becomes 

slower. 

All  the  observations  which  I have 
been  able  to  make,  and  all  those  which 
I can  find  recorded  by  others,  corre- 

c spond 
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spond  respecting  this  point,  viz.  the  in- 
fluence of  cold  in  diminishing  the  action 
of  the  heart  and  arteries.  It  is  proved 
most  unecpiivocally  by  the  effects  of  the 
effusion  of  cold  water  in  febrile  disor- 
tlers,  and  still  more  by  what  occurs  in 
hy  be  mating  animals. 

The  hamster  (Miis  cricetus)  has  only 
fifteen  pulsations  in  a minute  when  it  is 
torpid;  yet  in  its  active  state,  when  irri- 
tated, its  heart  beats  one  hundred  and 
fifty  strokes  within  the  same  period  of 
time.  The  common  frequency  of  the 
heart’s  action  in  bats  during  summer  is 
about  a hundred  pulsations  in  a minute  ; 
but  when  they  are  growing  torpid,  only 
sixty  ; and  as  the  torpor  increases,  the 
action  of  the  heart  is  so  feeble  that  only 
fourteen  beats  have  been  distinctly 
counted,  and  those  at  unequal  intervals. 
Dormice,  when  awiike  and  jumpingabout, 

' breathe 
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breathe  so  rapidly  that  it  is  almost  im- 
possible to  count  their  pulse;  but  as  soon 
as  they  begin  to  grow  torpid,  eighty- 
eight  pulsations  may  be  counted  in  a 
minute,  thirty-one  when  they  are  half- 
torpid,  and  only  twenty,  nineteen,  and 
even  sixteen,  when  their  torpor  is  not  so 
great  as  to  render  the  action  of  the  heart 
imperceptible.  Spallanzani  relates  that 
he  counted  ten,  eleven,  and  sometimes 
twelve  pulsations  in  a snake  at  tempera- 
ture 48®,  whose  pulse  is  generally  thirty 
in  warm  weather. 

In  some  experiments  which  I made  at 
Eldinburgh  in  the  spring  of  the  year 
1803,  I observed  that  the  number  of  pul- 
■ sations  in  toads  and  frogs  was  thirty  in  a 
minute,  whilst  they  were  left  to  them- 
selves in  the  atmosphere  of  which  the 
temperature  was  53® ; when  placed  in  a 

c 2 medium 
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medium  cooled  to  40%  the  number  of 
])ulsations  was  reduced  to  twelve  within 
the  same  period  of  time  ; and  when  ex- 
posed to  a iVeczing  mixture  at  26®,  the 
action  of  the  heart  ceased  altogether. 

Idle  action  of  the  heart,  however,  in 
the  higher  species  of  animals,  is  not  to- 
tally suspended,  nor  is  the  circulation  en- 
tirely stopped,  although  the  motion  is 
too  feeble  and  obscure,  sometimes,  to  be 
perceived.  This  is  proved  by  the  blood 
remaining  fluid  ; and  the  following  curi- 
ous fact,  which  I state  on  the  authority 
of  Spallanzani,  shows  that  the  blood  re- 
tains its  fluidity,  and  consequently  its 
motion : — if  the  blood  of  marmots  be  sub- 
jected out  of  the  body  to  a temperature 
ev  en  hisiher  than  that  to  which  it  is  ex- 
posed  in  the  lungs  of  the  animals,  it  is  in- 
stantly frozen  ; but  it  is  never  congealed 


in 


( 


PHENOMENA  OF  TORPIDITY.  21 

in  their  dormant  state,  even  after  expo- 
sure to  cold  several  degrees  below  zero 
of  Fahrenheit’s  scale■^^ 

III.  The  respiration  is  less  frequent,  and 
sometimes  entirely  suspended. 

I could  never  discover  the  least  mo- 
tion in  the  flanks  of  bats  in  a torpid  state, 
except  when  they  were  roused  by  the 
warmth  of  the  hand,  or  by  any  other 
cause;  and  on  leaving  them  alone,  their 
respiration  becomes  imperceptible. 

Spallanzani  examined  them  with  mi- 
nute attention  with  the  assistance  of  a 
magnifying  glass,  but  he  could  not  de- 
tect any  action  of  breathing.  Their  re- 
spiration becomes  suspended  at  55°,  and 
at  47°  they  certainly  live  without  any 
perceptible  breathing.  Torpid  bats  lived 
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seven  minutes  within  the  exhausted  re- 
ceiver of  an  air-pump,  in  which  another 
bat  perished  at  the  end  of  three  minutes. 
Spallanzani  also  relates  that  he  placed 
torpid  marmots  in  vessels  filled  with  car- 
bonic acid  and  hydrogen  gas,  and  con- 
fined them  there  for  four  hours  without 
doing  them  the  least  injury,  the  tempe- 
rature of  the  atmosphere  being  several 
degrees  below  the  freezing  point;  but  he 
found  that,  if  these  animals  were  awaken- 
ed by  any  means,  or  if  the  temperature 
was  not  low  enough  to  produce  complete 
torpor,  they  very  soon  perished  in  the 
same  noxious  gases*. 

A bird  and  a rat  introduced  into  a re- 
ceiver containing  carbonic  acid  gas,  did 
not  live  a minute,  whereas  a torpid  mar- 
mot remained  in  it  an  hour  without  be- 


* Rapports  de  I’Air,  &c.  tom.  ii.  p.  207. 
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traying  the  least  desire  to  move,  and  re- 
covered perfectly  on  being  placed  in  a 
warmer  medium.  Four  and  five  cubic 
inches  of  atmospherical  air  was  not  at  all 
changed  in  its  properties  after  torpid 
bats  and  marmots  had  remained  in  it 
three  hours. 

During  the  severe  winter  of  179^5  this 
ingenious  philosopher  made  similar  trials 
upon  dormice,  with  similar  results.  After 
being  exposed  to  a temperature  below  the 
freezing  point,  they  remained  inclosed  in 
vessels  filled  with  carbonic  acid  and  azo- 
tic gas  over  mercury  three  hours  and  a 
half  without  being  hurt,  and  the  sides 
of  the  vessels  were  not  marked  by  any 
vapour:  hence  we  may  conclude  tliat  they 
did  not  breathe,  nor  give  out  any  car- 
bonic acid  gas. 

Amphibious  animals  never  become  so 
completely  torpid  as  the  quadrupeds  be- 
fore 
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fore  mentioned,  notwithstanding  their  be-' 
ing  exposed  to  as  great  a degree  of  artn 
ficial  or  natural  cold  : hence  they  perish 
after  a certain  time,  and  that  of  no  long 
duration,  in  unrespirable  gases.  Cater^ 
pillars  cease  to  respire  at  32°:  they  con- 
sume only  one  fourth  part  of  the  oxygen 
at  30%  which  they  require  in  a higher 
temperature  : at  46°  they  cease  to  eat,and 
■whilst  the  thermometer  stands  at  that 
point  during  the  night,  or  even  eighteen 
or  twenty  d grees  higher  in  the  daytime, 
they^  no  longer  undergo  their  usual  trans- 
formations. Thus  Reaumur  prolonged 
the  life  of  many  insects  by  keeping  them 
exposed  to  a certain  degree  of  cold,  and 
Spallanzani  prolonged  the  existence  of 
frogs  and  serpents  for  three  years  and  a 
half,  by  the  same  method  continued  for 
that  space  of  time. 

My  friend  Dr.  Smith,  the  leai  ned  Pre- 
sident 
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sldenl  of  the  Linniean  Society,  informs  me 
that  he  observed  that  the  respiration  of  a 
tortoise  kept  in  a room  in  London  was 
always  slower  in  winter  than  in  summer; 
and  I have  remarked  the  same  circum- 
stance in  attenrlinii  to  the  habits  of  dor- 
mice,  marmots,  bats,  and  hedgehogs. 

IV.  The  action  of  the  stomach  and  di- 
gestive organs  is  suspended. 

This  appears  from  some  experiments 
of  Mr.  Hunter,  and  is  further  confirmed 
by  observations  of  Pallas,  Spallanzani, 
and  others.  The  first  of  these  distin- 
guished naturalists  introduced  food  into 
the  stomachs  of  lizards  going  to  hyber- 
nate,  and  upon  opening  them  at  differ- 
ent periods,  the  aliment  was  found  un- 
altered, sometimes  in  the  stomach,  some- 
times in  the  intestines ; and  after  the  pe- 
riod of  hybernation  it  was  thrown  out 

unchanged 
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unchanged  either  by  vomiting  or  by  the 
bowels. 

Marmots,  dormice,  and  bats  remain 
in  their  wild  state  four  and  five  months 
without  taking  any  food ; their  intestines 
are  quite  clear  before  the  torpidity  be- 
gins, and  are  found  empty  after  they 
first  awake  in  the  spring. 

Dr.  Monro  kept  a hedgehog  in  a room 
without  a fire  at  Edinburgh,  from  the 
month  of  November  till  March.  About 
the  beginning  of  December,  the  animal 
was  affected  with  an  unusual  degree  of 
drowsiness,  he  continued  however  to  eat, 
though  more  sparingly,  till  the  twenty- 
fifth  of  that  month.  From  that  time  till 
the  eighth  day  of  March  following,  he 
continued  in  a profound  sleep  except 
when  artificially  roused,  and  after  being 
so  disturbed  he  soon  returned  to  his 
place  of  retreat  and  resumed  his  dormant 
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state.  Some  small  quantity  of  urine  and 
feculent  matter  was  observed  among  the 
hay  ; but  in  the  course  of  three  months 
the  animal  did  not  appear  to  have  eaten 
or  drunk,  although  food  was  constantly 
placed  near  it.  Its  limbs  were  never 
rigid,  and  it  lost  during  the  torpor  two 
ounces  of  its  weight*. 

The  polar  bear  is  said  to  continue  for 
six  weeks  in  the  depth  of  winter  without 
provision,  and  is  supposed  to  remain 
asleep,  or  totally  inactive-f*.  A land- 
tortoise  kept  by  Mr.  White  of  Selborne 
for  forty  years  was  very  voracious  du- 
ring the  summer,  but  gradually  became 
less  and  less  so ; and  before  it  grew 
torpid,  which  was  regularly  in  the  middle 


* Smellie’s  Philosophy  of  Natural  History, 
vol.  ii.  p.  410. 

t Pennant's  Arctic  Zoology,  vol.  i.  p.  59. 
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of  November,  it  hardly  ate  anything.  The 
poet  Martial  makes  the  dormouse  say, 

“ Tota  mihi  dormiuir  hyems,  et  pinguior  lllo 
Tempore  sum,  quo  me  nil  nisi  somnus  alit.^’ 

But  this  is  a poetical  fiction;for  the  fact  is, 
that  the  dormouse  undergoes  very  little 
alteration  during  the  winter,  yet  it  does 
lose  some  weight;  and  although  the 
marmot  is  often  found  extremely  lean 
in  the  spring,  after  recovering  from  its 
lethargic  state,  that  leanness  is  in  conse- 
quence of  its  not  being  able  always  to 
find  food  enough  for  its  consumption.  I 
have  been  repeatedly  assured  by  men 
who  hunt  for  these  animals  in  m inter, 
that  they  are  always  found  fat  in  their 
holes  on  the  mountains  of  Switzerland, 
and  it  is  only  when  they  come  out  of 
their  hiding-places  before  provisions  are 
ready  for  them,  or  if  a sharp  frost  should 
occur  after  some  warm  weather,  that  they 

become 
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beconre  emaciated  and  weak.  Mr.  Cor- 
nish indeed  remarks  that  both  dormice 
and  bats  lose  from  five  to  seven  grains 
in  weight,  during  a fortnight's  hyberna- 
tion*, and  I find  some  collateral  proofs 
of  this  assertion  in  the  works  of  Spallan- 
zani,— but  these  alterations  are  in  conse- 
quence of  some  actions  occasionally  ex- 
cited by  interrupted  sleep. 

It  sometimes  happens  that  some  hy- 
bernating  animals  kept  in  warm  rooms, 
do  not  become  torpid  at  the  temperature 
which  would  have  rendered  them  so  if 
they  had  been  at  liberty.  The  great 
processes  of  life,  the  respiration,  the  cir- 
culation, and  the  nutrition,  are  not  inter- 
rupted in  these  instances ; and  here  we 
may  notice  a remarkable  dilference  be- 
tween the  viviparous  and  oviparous  qua- 


* Dailies  Barrington’s  Miscellanies,  p.  167. 
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drupeds,  since  the  latter  become  torpid  in 
every  possible  situation  and  in  all  cir- 

t 

cumstances  when  exposed  to  the  proper 
degree  of  cold,  and  remain  so  as  long  as 
they  are  kept  in  that  condition.  Spal- 
lanzani discovered  this  fact  by  keeping 
some  species  of  these  quadrupeds  in  a 
temperature  between  38°  and  39°?  for 
three  years  and  a half,  without  food  ; 
when  they  recovered  their  vital  actions 
and  original  vivacity  in  the  month  of  May, 
on  being  put  into  a reservoir  of  water, 
where  they  multiplied. 

Lastly,  The  irritability  and  sensibility 
of  the  muscular  and  nervous  powers 
are  diminished  and  suspended. 

The  irritability  of  hybernating  ani- 
mals is  affected  in  the  same  way  as  their 
temperature;  it  follows  the  same  laws  in 
the  gradual  loss  of  its  energy,  and  ap- 


PHiENOMENA  OF  TORPIDITY. 


31 


pears  to  be  influenced  by  the  same 
causes,  until  it  becomes  imperceptible, 
when  the  torpor  is  completely  establish- 
ed : the  strongest  stimuli  then  make  no 
impression  on  them. 

Marmots  are  not  roused  IVom  their 
torpid  state  by  the  electric  spark  strong 
enough  to  give  a smart  sensation  to  the 
hand,  and  a shock  from  a Leyden  phial 
only  excited  them  for  a short  time,  as 
Spallanzani  has  related  in  his  experiments 
made  upon  them  with  Alexander  Volta. 
They  are  insensible  to  pricking  their  feet 
and  nose,  and  remain  motionless  and  ap- 
parently dead.  Bats  also  are  insensible 
to  every  kind  of  stimulus  except  heat, 
or  to  a stream  of  air  blown  upon  them, 
which  affects  their  sensations  powerfully. 

Wounds  have  been  inflicted  and  limbs 
broken,  without  the  mutilated  animals 
expressing  any  signs  of  pain,  so  much  is 

their 
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their  sensibility  diminished  by  the  action 
of  the  cold.  It  is  the  same  with  their 
muscular  power  : no  traces  of  voluntary 
motion  can  be  discovered,  and  they  are 
rolled  up  into  a shape  to  preclude  all 
locomotion  except  what  they  receive  from 
external  force. 

To  illustrate  these  several  assertions 
by  a greater  number  of  experimental 
proofs,  or  by  a more  elaborate  detail 
of  facts,  appears  to  me  unnecessary : 
those  who  are  curious  to  become  more 
intimately  acquainted  with  the  particu- 
lar experiments  upon  this  subject,  may 
have  recourse  to  the  Memoirs  on  Re- 
spiration by  Spallanzani,  so  often  al- 
luded to  : there  illustrations  abound,  and 
I have  only  selected  such  as  seemed 
to  me  to  bear  particularly  on  each  of  the 
points  which  I have  been  desirous  to 
establish. 
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SECTION  II. 

CAUSES  OF  TORPIDITY. 

" I 

After  this  statement  of  the  principal 
facts  relating  to  the  hybernation  of  ani- 
mals, I proceed  to  offer  some  general 
remarks  on  the  causes  which  induce  it. 

The  most  obvious  distinction  between 
those  animals  which  hybernate  and  those 
which  are  able  to  resist  the  action  of 
cold  is  the  difference  of  their  internal 
temperature,  and  the  circumstances  con- 
nected with  that  difference.  Wiiile  the 
latter  possess  a temperature  much  higher 
than  the  medium  in  which  they  are 
placed,  and  in  some  measure  indepen- 
dent of  it,  the  former  differ  from  the  sur- 
rounding medium  only  a few  degrees, 
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and  are  so  much  influenced  by  it  as  to 
vary  with  all  its  variations. 

The  tribe  of  quadrupeds  have  the  ha- 
bit of  rolling  themselves  into  the  form 
of  a ball  during  ordinary  sleep  ; and  they 
invariably  assume  the  same  attitude  when 
in  the  torpid  state,  so  as  to  expose  the 
least  possible  surface  to  the  action  of 
cold : the  limbs  are  all  folded  into  the 
hollow  made  by  the  bending  of  the 

\ 

body  : the  clavicles  and  the  sternum  are 
pressed  against  the  fore  part  of  the  neck, 
so  as  to  interrupt  the  flow  of  blood 
which  supplies  the  head,  and  to  com- 
press the  trachea : the  abdominal  viscera 
and  the  hinder  limbs  are  pushed  against 
the  diaphragm,  so  as  to  interrupt  its  mo- 
tions, and  to  impede  the  flow  of  blood 
throudi  the  large  vessels  which  penetrate 
it,  and  the  longitudinal  extension  of  the 
cavity  of  the  thorax  is  entirely  obsU’ucted. 

Thus 
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Thus  a confined  circulation  is  car^ 
ried  on  through  the  heart,  probably 
adapted  to  the  last  weak  actions  of  lifcj 
and  to  its  gradual  recommencement. 

Mr.  Carlisle  very  justly  observes,  in 
his  original  and  able  lecture  on  muscular 
motion  *,  that  “ animals  of  the  class 
Mammalia,  which  hybernate  and  become 
torpid  in  the  winter,  have  at  all  times  a 
power  of  subsisting  under  a confined 
respiration,  which  would  destroy  other 
animals  not  having  this  peculiar  habit. 
In  all  the  hy  be  mating  Mammalia  there 
is  a peculiar  structure  of  the  heart  and  its 
principal  veins  : the  superior  cava  di- 
vides into  two  trunks ; the  left,  passing 
over  the  left  auricle  of  the  heart,  opens 


* The  Croonian  Lecture  on  Muscular  Motion, 
by  Anthony  Carlisle,  Esq.  F.  R.  S.,  Phil,  Transac- 
tions, 1805. 
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Into  the  inferior  part  of  the  right  auricle, 
near  to  the  entrance  of  tlie  vena  cava  in- 
ferior. The  veins  usually  called  azygos 
accumulate  into  two  trunks,  which  open 
into  the  branch  of  the  vena  cava  .supe- 
rior, on  its  own  side  of  the  thorax.  The 
intercostal  arteries  and  veins  in  these  ani- 
mals are  unusually  large.^^ 

An  anonymous  author,  who  trans- 
mitted a memoir  upon  this  subject  to  the 
National  Institute  at  Paris,  gave  some 
anatomical  details  respecting  the  dia- 
phragmatic nerves,  and  those  known 
under  the  name  of  nerves  of  the  eighth 
pair,  and  also  concerning  the  thymus 
gland  but  excepting  a mass  of  glan- 
•dular  substance  in  the  marmot,  and 
large  portions  of  omentum,  I have  never 
been  able  to  discover  any  remarkable  dif- 


* Philosophical  Magazine,  vol.  xiv.  p.  88. 
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ference  in  tlie  structure  of  hybernating 
animals  ; admitting,  however,  most  fully 
those  peculiarities  which  Mr.  Carlisle  has 
so  well  pointed  out. 

In  the  class  of  Amphibia,  we  find  a 
difference  in  the  structure  of  the  organs 
subservient  to  the  two  great  functions, 
respiration  and  circulation.  The  heart 
in  these  animals  has  but  one  ventricle, 
the  pulmonary  arteries  are  only  branches 
from  the  aorta.  The  tortoise,  however, 
has  two  ventricles,  as  the  M ammalia  and 
Aves ; but  there  is  a communication 
between  the  right  and  left,  and  the  blood 
passes  freely  from  one  to  the  other ; only 
a small  portion  of  the  blood,  therefore, 
comes  in  contact  with  the  air  in  the 
lungs  ; and  the  circulation  may  be  carried 
on,  every  part  of  the  body  may  receive 
its  due  portion  of  blood,  while  the  lung^ 
are  in  a state  of  collapse.  These  ani- 
mals 
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mals  consume  less  oxygen  in  a given 
time,  in  proportion  to  their  size,  than 
birds  or  quadrupeds  ; but  they  absorb 
oxygen  by  their  skin  in  their  natural 
state,  although,  when  torpid,  the  con- 
sumption of  oxygen  in  both  these  ways 
is  suspended.  Hence  we  can  account 
for  their  diminished  temperature,  and 
hence  in  all  probability  the  weakness  of 
their  sentient  organs  arises. 

Pallas,  the  celebrated  naturalist,  re- 
marked long  ago  that  hedgehogs,  mar- 
mots, and  the  whole  tribe  of  Glircs,  be- 
come very  fat  during  the  summer,  and 
are  furnished  with  several  omenta  in  the 
abdomen  ; and  besides,  having  the  thy-, 
mus  gland  larger  tb^n  usual,  they  have 
two  glandular  bodies  resembling  the 
thymus,  under  the  throat  and  upper  part 
of  the  thorax,  which  appear  particularly 
florid  and  vascular  in  their  state  of 

hyber- 
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hybernation^.  It  has  been  inferred 
from  this  and  from  some  other  facts  of  a 
similar  kind,  that  fatness  is  one  of  the 
predisposing  causes  of  hybernation  ; but 
Spallanzani  observed  that,  among  the 
dormice  which  were  caught  for  his  expe^ 
riments,  some  of  them  were  fat  and  some 
lean,  and  yet  they  were  equally  suscep- 
tible of  the  action  of  cold.  The  accu- 
mulation of  fat,  therefore,  is  an  acci- 
dental occurrence,  and  not  a necessary 
cause.  We  find  many  kinds  of  insects 
and  animals  become  torpid  in  winter 
w ithout  any  provision  of  this  nature. 

Here  a curious  question  arises  respect- 
ing the  disappearance  of  birds.  It  is 
singular  that  this  subject  should  still  ad- 


* Pallas,  Nov.  Comment.  Petrop.  vol.  xiv. ; 
and  in  his  admirable  work,  Novoe  Species  Qna- 
drupedum  e Glirium  Ordine. 
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rhit  of  doubt,  when  it  seems  so  easy  to  be 
decided  ; yet  every  month  we  see  queries 
and  answers  about  the  mio^ration  of 
swallows,  and  every  year  our  curiosity 
is  tempted  to  be  amused  with  marvel- 
lous histories  of  a party  of  these  birds 
divino;  under  water  in  some  remote 
quarter  of  America.  No  species  of  bird, 
except  the  swallow,  the  cuckow,  and  the 
woodcock,  have  been  supposed  to  re-, 
main  torpid  during  the  winter  months. 
And  what  is  the  evidence  in  favour  of  so 
strange  and  monstrous  a supposition  ? 
Nothing  but  the  most  vague  testimonies, 
and  histories  repugnant  to  reason  and  ex- 
perience. 

Dailies  Barrington,  an  ingenious  man 
and  a well-informed  naturalist,  took  great 
pains,  about  forty  years  ago,  to  collect 
the  best  authorities  on  the  disappearance 
of  swallows,  and  he  decides  in  favour  of 

their 
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tbeir  torpidity  during  winter.  But  ali 
the  histories  which  he  details  are  ex-, 
pressed  w ith  the  same  degree  of  w onder, 
and  related  with  the  same  degree  of  in- 
accuracy.  The  want  of  some  decisive 
experiments  is  very  much  to  be  regretted: 
in  the  mean  time,  our  minds  are  apt  to 
be  imposed  upon  by  the  nature  and  a|)- 
parent  difficulty  of  the  subject;  and  per- 
sons who  think  themselves  unequal  to 
the  labour  of  investigating  an  intricate 

o o 

point,  or  who  wish  to  avoid  it,  are  ready 
enough  to-  believe  that  much  has  been 
proved  because  much  has  been  said. 

. .There  is  scarcely  a treatise  on  orni- 
thology which  does  not  allude  to  the 
submersion  of  swallows  during  the  wan- 
ter,  as  a fact  almost  as  well  known  as 
their  flying  in  the  air  during  the  sum- 
mer; and  the  great  authority  of  Liiv 
n^us  has  given  credit  and  currency  to 

this 
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this  opinion.  His  words  are,  “ Hirundo 
rustica  habitat  in  Europce  domibus  intra 
tectum^  unaque  cum  urbica  demergitur, 
vereque  cmergity  His  authority  extends 
also  to  martins ; and  it  is  clear  from  the 
expressions  used  in  the  definition,  that 
Linnaeus  conceived  that  these  birds  con- 
cealed themselves  under  water  during  the 
winter ; and  we  find  in  the  dissertations 
read  before  the  academy  of  Upsal,  that 
the  submersion  of  swallows  was  received 
as  an  acknowledged  fact  in  Sweden. 

Klein,  in  his  Historiae  Avium  Prodro- 
mus,  endeavours  to  prove  that  swallows 
do  not  migrate,  but  retire  under  water 
at  the  time  of  their  disappearance,  and 
remain  torpid  all  the  winter : he  relates 
many  attested  instances  of  their  being 
so  found  in  the  northern  parts  of  Ger- 
jnany. 

Jf  all  birds,  except  swallows,  are  abh* 

to 
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to  survive  the  winter,  and  they  alone  are 
so  overcome  by  the  cold  as  to  be  render- 
ed torpid,  the  difference  must  be  found 
in  their  anatomical  structure  and  in  their 
habits  of  life. 

Now,  in  the  first  place,  it  is  certain 
that  they  have,  in  common  with  other 
birds,  the  three  great  functions  of  respi- 
ration, circulation,  and  assimilation  : the 
similarity  of  their  organs  and  every  cir- 
cumstance in  their  mode  of  living  prove 
that  they  are  subject  to  the  same  laws : 
they  have  alsQ  a very  high  temperature  ; 
and  are  peculiarly  organized  for  rapid 
and  long  flight.  The  size  of  their  lungs, 
the  lightness  of  their  bones,  and  the 
buoyancy  of  their  feathers,  render  it 
absolutely  impossible  to  sink  them  in 
water  without  a considerable  weight, 
and  they  die  instantly  for  want  of 
air. 

Swallows 
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Swallows  are  said  to  assemble  on  reeds 
and  on  the  banks  of  rivers,  and  to  sing 
thcii’  swallow  song  before  they  dive  under 
water  ; but  none  were  ever  found  in  all 
the  rivers  and  lakes  of  England,  Wales, 
Ireland,  Scotland,  or  Switzerland,  al- 
though fishennenare  constantiy  employ- 
ed on  these  their  supposed  hiding-places. 
They  assemble  in  numbers,  and  are  sup- 
posed voluntarily  to  become  torpid  in 
the  month  of  September;  they  disap- 
pear at  a time  when  the  temperature  of 
the  air  is  not  cold  enough  to  produce 
any  effect  upon  the  tribe  of  hybernating 
animals ; and  besides,  it  is  quite  contrary 
to  all  reason  and  experience  that  these 
birds  should  have  their  respiration  and 
other  functions  suspended  suddenly  with- 
out material  injury. 

Other  birds  are  admitted  to  migrate, 
and  why  should  swallows  be  exempt 

from 
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from  this  general  law  of  their  nature  ? 
When  food  fails  in  one'  quarter  of  the 
world,  their  instinct  prompts  them  to 
seek  it  in  another.  We  know  in  fact 
that  such  is  their  natural  habit : we 
have  the  most  unexceptionable  proofs 
that  swallows  do  migrate  ; they  have 
been  seen  at  sea  on  the  rigging  of  ships ; 
und  Adanson,  the  celebrated  naturalist, 
is  said  to  have  caught  four  European 
swallows  fifty  leagues  from  land,  between 
the  coast  of  Goree  and  Senegal,*  in  the 
month  of  October^. 

Spallanzani  saw  swallows  in  October 
on  the  island  of  Lipari,  and  he  was  told 
that  when  a warm  southerly  breeze 
blow^s  in  winter'  they  are  frequently  seen 
skimming  along  the  streets  in  the  city : 
he  concludes  that  they  do  not  pass 


* Adanson,  Voyage  au  Senegal,  p.  15'.  ^ 
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into  Africa  at  the  approach  of  winter, 
but  remain  in  the  island,  and  issue  from 
their  retreat  on  warm  days  in  quest  of 
food*. — I do  not  find  that  he  has  any- 
where fulfilled  his  promise  of  publishing 
the  observations  he  made  on  the  swallows 
of  Lipari  and  Sicily  ; but,  as  he  excludes 
these  birds  from  his  experimental  re** 
searches  on  hybernation,  I take  his  si- 
lence  as  conclusive  evidence  against  the 

truth  of  the  vulgar  opinion  concerning 

/ 

them. 

The  late  Peter  Collinson  detected  the 
fallacy  of  the  common  notion  about  the 
submersion  of  swallows : in  his  interest- 
ing correspondence  with  Linnaeus,  he 
repeatedly  urged  him  to  bring  the  mat- 
ter to  a decisive  issue,  by  proposing 
some  questions,  and  pointing  out  an  easy 


♦Travels  in  the  Two  Sicilies,  vol.  iv.  p.  115. 
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method  of  havino-  them  answered.  As 

O 

Linnaeus  did  not  take  any  notice  of  these 
questions  for  a long  while,  although  he 
was  strongly  called  upon  at  different 
times  by  his  acute  correspondent,  we  may 
fairly  infer  that  he  was  unable  to  give 
any  satisfactory  answer;  and  his  constant 
evasion  of  the  experimental  proofs  is  an 
indication  of  his  being  unprepared  to 
support  what  he  had  asserted,  by  any 
thing  more  than  the  common  authori- 
ties. 

I have  known  several  attempts  made 
to  keep  swallows  in  a warm  room  during 
winter,  but  without  success ; they  seem- 
ed to  die  for  w^ant  of  their  accustomed 
food,  which  cannot  be  procured  at  that 
season  of  the  year.  Excess  of  cold,  dis- 
appearance of  insects,  heavy  showers  of 
rain,  falling  of  the  leaves,  absence  of 
fruit,  freezing  of  the  surface  of  the 
waters,  are  some  of  the  principal  causes 

of 
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of  the  annual  migration  of  many  kinds 
of  birds.  We  may  consider  swallows  as 
belonging  to  these  tribes,  which  form 
an  intermediate  class  between  hybernat- 
ing  animals  and  those  which  are  able  to 
withstand  the  most  rigorous  climate,  and 
we  observe  how  obedient  they  are  to 
the  great  laws  of  procuring  food  and 
avoiding  pain. — In  Siberia  birds  must 
frequently  endure  cold  below  0^  as  the 
thermometer  is  often  in  w inter  50  degrees 
below  that  point  according  to  Gmelin'* 
account  of  that  country  ; and  we  find 
sparrow  s and  other  small  birds  in  our 
own  country  able  to  endure  very  severe 
cold  without  any  tendency  to  become 
torpid,  because  they  are  still  able  to  pro- 
cure food. 

The  phaenomena  of  torpidity  corro- 
borate strongly  the  truth  of  the  theory 
which  attributes  animal  temperature 

to 
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to  respiration.  We  have  already  seen 
that,  during  this  state,  the  respiration  be- 
comes slower,  and  ceases  altogether  ; the 
pulse  is  less  frequent,  and  the  tempera- 
ture of  the  body  diminished.  The  sources 
of  combustible  matter  are  cut  off ; but 
since  the  temperature  is  higher  than  that 
of  the  atmosphere,  there  must  be  some 
combustion  going  on,  and  this  is  sup- 
plied by  the  fat,  which  is  absorbed,  and 
supplies  the  hydrocarbon  which  affords 
the  small  quantity  of  caloric  evolved  by 
these  animals. 

Diminished  respiration  is  the  first  step 
in  the  series  of  actions  which  accompany 
this  state  of  torpidity  ; confined  air  and 
interrupted  breathing  always  precede  the 
pHaenomena;  the  animal  retires  from  the 
open  atmosphere  into  some  cavern  or 
hole  under  ground,  his  mouth  and  nos- 
trils are  brought  into  contact  with  his 

E chest 
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chest  and  enveloped  in  fur,  he  falls  into 
a profound  sleep,  and  becomes  cold  and 
insensible. 

A singular  circumstance  related  by 
Pallas  of  the  hamster  (Miis  cricetus 
Linn.)  places  this  subject  in  a striking 
point  of  view.  The  hamster  is  about 
the  size  of  a rat,  and  inhabits  the  plains 
of  Russia,  Siberia,  and  Germany  ; it  be- 
comes torpid  in  the  winter;  but  cold  alone 
does  not  produce  the  torpidity, — it  must 
be  excluded  from  the  air.  When  inclosed 
in  a box  filled  with  earth  and  straw,  it 
never  becomes  tO'rpid,  however  great  the 
degree  of  cold  to  which  it  is  exposed, 
unless  the  box  be  buried  four  or  five 
feet  under  ground,  and  earth  thrown  over 
it  to  exclude  the  access  of  air : if  it  be 
examined  about  eight  or  ten  days  after, 
the  animal  is  found  as  completely  torpid 
as  in  its  natural  hole ; and  if  it  be  ex- 
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“posed  then  in  the  open  air  to  a greater 
degree  of  cold  tlian  what  it  experienced 
in  the  box,  it  is  roused,  and  aw'akes  in  a 
fevv  hours  ; but  falls  into  the  state  ot 
torpor  again  on  being  placed  beneath 
the  surface  of  the  earth  in  the  same 
manner  as  before  : the  lioht  does  not 

O 

tend  to  rouse  the  animal,  since  it  is 
equally  awakened  on  being  exposed  to 
the  air  during  the  night. 

I may  here  remark  that  I met  with  an 
accident  at  Vienna  in  the  month  of  De- 
cember 1805,  w'hich  corroborates  wdiat 
is  commonly  alleged  concerning  the 
hamster.  A hamster,  kept  in  a small 
cage  and  in  a room  where  afire  was  light- 
ed every  day,  ate  very  heartily  and  ap- 
peared in  good  health  for  several  months, 
without  showing  any  signs  of  torpidity, 
except  remaining  rolled  up  in  coarse 
wool  and  dried  leaves,  and  only  coming 

r>  ^ 


out 


52 


EXCLUSION  OF  AIR. 


out  once  or  twice  a day  to  eat  his  food  ; 
one  cold  night  he  died,  and  on  exami- 
nation no  cause  could  be  discovered  ; I 
therefore  attributed  his  death  to  the 
want  of  that  confined  air  which  is  so 
essential  to  their  torpidity,  and  conse- 
quently to  the  preservation  of  their  life. 
It  is  worthy  of  notice,  that  the  weather 
was  remarkably  sharp  at  the  time  when 
this  hamster  died  ; the  marmots  which 
I kept  became  more  torpid  than  I had 
ever  before  seen  them,  and  two  young 
hedo'ehoas,  in  the  same  room  without  a 
fire,  died  the  same  night. 

Hence  it  appears  that  although  dimi- 
nished respiration  and  diminished  tem- 
perature be  the  first  causes,  they  are  not 
the  only  circumstances  which  influence 
torpidity  ; and  the  degree  of  diminution 
has  not  the  same  eflect  on  all  kinds  of 
animals.  Bees,  for  instance,  become  tor- 

pul 
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pid  at  a temperature  which  does  not  af- 
fect the  other  classes  of  animals  : and 
we  find  that  removing  animals  into  a 
colder  medium,  whilst  they  are  in  a tor- 
pid state,  instead  of  increasing,  rouses 
them  from  their  torpidity. — It  is  the 
temperature  which  affects  the  respiration 
of  cold-blooded  animals  and  prolongs 
the  suspension  of  it : frogs,  salamanders, 
and  snakes  have  lived  for  three  years 
and  a half  in  an  ice-house,  in  the  same 
torpid  state  as  that  to  which  they  are 
subject  every  winter  : and  Spallanzani 
has  observed  hybernating  animals,  which 
lived  in  an  atmosphere  of  noxious  gas  at 
a low  temperature,  die  instantly  as  soon 
as  the  temperature  was  raised  above  that 
at  which  the  respiration  of  these  animals 
ceased. 

The  effects  of  low  temperature  on  the 
respiration,  on  the  circulation,  and  on 

the 
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the  muscular  and  nervous  powers  are  so 
simultaneous,  or  so  closely  connect'd 
together,  that  it  is  difficult  to  attribute 
to  any  one  the  influence  resulting  from 
a strong  action  upon  them  all. — How- 
ever, the  experiments  of  Spallanzani 
prove  most  decisively  that  the  blood  is 
not  particularly  concerned  in  produ- 
cing torpidity,  because  it  does  not  con- 
geal in  hybernating  animals,  although 
it  is  exposed  to  a degree  of  cold  suf- 
ficient to  freeze  it : frogs  and  salaman- 
ders deprived  of  their  blood  become 
torpid  by  a low  temperature,  and  recover 
again  on  its  being  raised. 

Neither  the  lungs,  the  heart,  nor  any 
of  the  abdominal  viscera,  nor  the  nerves 
have  any  influence  upon  the  torpidity  of 
frogs,  salamanders,  and  snails,  because 
they  are  equally  aifected  by  cold  and 
heat  in  winter,  after  being  entirely  de- 
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prived  of  those  parts,  and  even  after  th-e 
brain  and  spinal  marrow  are  destroyed. 

* The  cessation  of  muscular  action 
seems  owing  to  the  lowered  temperature 
of  the  muscles  themselves,  because,  w hen 
the  transmission  of  nervous  influence  is 
prevented  by  dividing  the  nerve  and 
destroying  the  brain,  the  irritability  is 
suspended  and  recovered  exactly  in  the 
same  manner  by  the  operation  of  cold, 
as  in  the  ordinary  state  of  torpid  ani- 
mals. The  loss  of  motion  and  sensation, 
therefore,  is  owing  to  the  diminished 
irritability  of  the  muscular  fd)res,  and 
that  again  is  caused  by  the  action  of 
cold,  and  by  suspended  respiration ; the 

I 

capillaries  of  the  vascular  system  appear 
to  become  contracted  by  the  loss  of  ani- 
mal heat ; and  this  diminution  alwa}"s 
begins  at  the  surface  of  the  body  and 
gradually  increases  to  the  centre,  as  ob- 
served 
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served  in  examples  of  numbness  from 
cold,  and  in  Ripply ing  the  thermometer 
to  different  parts  of  animals  whilst  they 
are  gradually  becoming  torpid.  We  see 
these  animals  resist  the  propensity  to 
torpor,  until  by  the  gradual  diminution 
of  their  heat,  and  the  want  of  a supply 
from  the  absorption  of  oxygen  at  their 
lungs  and  at  the  surface  of  their  bodies, 
the  irritability  is  so  far  lessened  that  it  be- 
comes itself  a cause  of  its  own  deficiency 
by  arresting  the  respiration,  and  conse- 
quently depriving  the  heart  of  its  sup- 
ply which  is  furnished  by  the  coronary 
arteries.  It  is  probable  that  the  influence 
of  cold  not  only  prevents  the  absorption 
of  oxygen,  but  interrupts  its  decom- 
position and  union  with  the  fibrin  of  the 
blood  and  muscular  fibres  ; facts  which 
accord  with  the  phacnomena  of  hyberna^ 
tion,  where  an  increase  of  temperature  is 

inseparably 
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Inseparably  connected  with  absorption  ot 
oxygen,  increased  irritability,  and  ac- 
celeration of  the  action  of  the  heart. 

Whatever  may  be  the  precise  nature 
of  actions  induced  by  cold  upon  hyber- 
nating  animals,  the  nervous  system  seems 
in  the  first  instance  to  be  affected,  and 
the  equilibrium  which  in  health  subsists 
between  the  nervous  and  muscular  power, 
is  then  destroyed.  But  the  numbness 
and  cold  do  not  derange  the  relation 
between  the  solids  and  fluids,  nor  impair 
the  vital  powers  so  far  as  to  destroy 
their  state  of  combination  ; for  if  the 
muscular  fibres  be  frozen  and  the  blood 
congealed  by  excessive  cold,  then  the  ani- 
mals perish. 

The  effect  of  cold  on  our  nervous  sy- 
stem is  shown  by  the  tendency  to  sleep 
produced  by  exposure  to  a very  cold 
atmosphere  in  certain  situations.  This 
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is  very  different  from  natural  sleep,  and 
nothing  will  prevent  its  taking  place  but 
being  removed  to  a higher  temperature; 
nor  can  the  propensity  sometimes  be 
resisted,  although  the  person  is  well 
aware  of  the  fatal  consequences  of  in- 
dulging it. 

A striking  illustration  of  this  fact  is 
recorded  in  captain  Cook's  voj^age,  with 
respect  to  Dr.  Solander,  whilst  exploring 
Terra  del  Fuego,  in  company  with  sir 
Joseph  Banks  and  others  : he  was  so  per- 
fectly aware  of  the  consequences  of  giv- 
ing way  to  sleep  that  he  cautioned  his 
companions  against  it,  and  yet  could 
not  himself  overcome  the  desire  to 

This  curious  fact  is  still  further  corro- 
borated by  an  interesting  account  of  the 
action  of  cold  upon  the  French  soldiers 
in  their  passage  over  the  Alps  in  the  me- 
morable 
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morable  campaign  of  1795'^.  The 
comatose  state,  the  loss  of  sense  and 
motion,  arose  from  the  direct  operation 
of  the  cold  air  upon  the  men  after  con- 
siderable fatigue  and  exhaustion  ; and 
'what  shows  incontestably  that  the  ner- 
vous system  was  affected  and  not  the 
circulation,  is,  that  all  those  who  were 
fortunately  recovered  by  medical  aid 
had  none  of  their  limbs  injured  by  that 
species  of  mortification  or  congelation 
so  well  described  by  the  French  wu'iters. 
On  the  top  of  Mount  Blanc  this  strong 
propensity  to  sleep  is  produced  ; one  of 
M.  De  Saussure^’s  guides  actually  fell 


* See  Observal ions  Medlcinales  surles  prin- 
cipaux  EfiTets  da  Froid  et  du  Chaud  sur  le  Sommet 
des  hautes  Montagnes  : par  les  cit*.  Parat  ct  Mar- 
lin.’^— Recueil  des  Actes  de  la  Societe  de  Lyon, 
1798. 
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asleep  involuntarily : but  besides  the 
low  temperature,  something  in  this  in- 
stance may  be  attributed  to  the  rarefac- 
tion of  the  atmosphere,  since  persons 
who  have  ascended  in  balloons  have  felt 
very  drowsy,  and  some  have  slept  in  such 
situations. 
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SECTION  III. 

ON  THE  VARIETY  OF  TEMPERATURE 
IN  DIFFERENT  CLASSES  OF  ANI- 
MALS. 

It  will  not,  I trust,  be  deemed  a di- 
gression foreign  to  the  professed  object 
of  this  Essay,  if  I here  make  a few  ob- 
servations on  the  variety  of  tempera- 
ture in  different  classes  of  animals ; as 
the  result  will  show  how  much  influence 
respiration  has  upon  the  muscular  and 
nervous  power,  and  how  intimately  con- 
nected are  the  laws  of  the  animal 
ceconomy. 

In  man,  the  temperature  is  subject  to 
very  little  variation  ; it  varies,  however, 
a few  degrees  in  disease,  but  in  circum- 
stances where  it  is  affected  most,  the  va- 
riation bears  no  proportion  to  the  changes 

in 
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ill  the  temperature  of  the  surrounding 
medium,  nor  to  llie  sensation  of  heat 
^vhich  the  increased  or  diminished  tem- 
perature would  seem  to  convey.  When 
placed  in  a high  temperature,  the  heat 
of  the  human  body,  whilst  alive,  is  lower 
than  that  of  the  surroundinc:  medium : 
when  in  a low  temperature,  it  is  higher. 

This  principle  has  been  extended 
through  all  classes  of  animals,  and  even 
to  plants ; and  in  consequence  of  this 
extension  it  has  been  considered  as  one 
of  the  most  essential  properties  of  life  ; 
but  it  does  not  appear  so  essential  as  the 
relation  between  different  particles  in 
the  complicated  mass  of  solids  and  fluids, 
which  constitutes  muscular  motion  and 
sensation.  It  is  regulated  by  the  pro- 
cess of  respiration  and  the  introduction 
of  hydrocarbon ; it  is  not,  therefore,  a 
simple  effect  of  the  living  principle,  but 

depends 
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depends  on  the  due  performance  of  the 
animal  functions. 

The  temperature  is  most  stable  in 
those  animals  which  consume  the  most 
oxygen,  and  it  ceases  to  be  so,  when 
they  lose  the  power  of  consuming  oxy- 
gen and  the  power  of  digesting  food,  as 
during  their  torpid  state.  Those  ani- 
mals which  consume  the  most  oxygen* 
longest  resist  the  action  of  freezing  mix- 
tures ; hence  the  power  of  resisting  cold 
seems  to  depend  in  a great  measure  on 
the  degree  of  combustion. 

Birds  have  a higher  temperature  than 
any  other  class  of  animals ; it  is  from 
three  to  six  degrees  higher  than  that  of 
cpiadrupeds.  It  has  been  remarked  that 
the  respiring  organs  of  birds  are  larger 
in  proportion  than  those  of  quadrupeds  ; 
though  the  lungs,  properly  so  called,  are 

not 
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not  very  large,  they  communicate  "vvith 
air-bags  in  the  abdomen  and  with  ca^ 
vities  in  the  bones ; and  when  these 
bags  are  compressed  or  dilated,  the  air 
passes  over  the  surface  of  the  lungs.  Mr* 
Hunter  conjectured  that  these  cavities 
serve  as' reservoirs  of  air  durino^  the  Ions: 
flights  which  they  take ; and  they  have 
also  been  supposed  to  assist  their  fly- 
ing. There  are  no  very  accurate  ex- 
periments on  the  consumption  of  oxygen 
by  birds;  but  Dr.  Higgins  has  remarked 
that  they  consume  more  oxv^en  than 

*/  O 

animals  of  the  same  size,  and  Blumen- 
bach  relates  that  he  placed  two  sparrows 
and  two  frogs  in  the  same  quantity  of 
o’as  ; the  two  former  were  killed  before 
the  latter  were  at  all  affected. 

Fishes  and  amphibia  have  a tempera- 
ture little  exceeding  that  of  the  sur- 
rounding 
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roundino;  medium  ; hence  the  division 
into  warm-blooded  and  cold-blooded  ani- 
mals : but  when  these  animals  are  placed 
in  a high  temperature,  their  thermome- 
trical  heat  is  somewhat  lower  than  that 
of  the  surrounding  medium ; hence  those 
terms  are  only  relative. 

The  temperature  of  insects,  like  that 
of  fishes,  is  little  above  that  of  the  sur- 
rounding medium ; they  have  no  pul- 
monary organs  like  other  animals  ; they 
have  only  small  oval  holes  over  the 
body,  called  by  naturalists  Spiracula ; 
which  are  the  orifices  of  canals  or 
tracheae,  distributed  to  every  part  of  the 
body,  and  communicating  to  it  a portion 
of  air.  The  bee  differs  from  other  in- 
sects in  having  its  temperature  nearly 
equal  to  that  of  quadrupeds.  Perhaps 
this  is  in  consequence  of  bees  being  gre- 

T garious, 
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garious,  for  the  heat  of  the  hive  is  great 
even  in  very  cold  weather.  In  spring  it 
is  from  93®  to  98° ; in  summer  104° ; 
Mhen  the  external  temperature  is  40° 
that  of  the  hive  is  82” : and  Mr.  Hun- 
ter found  the  temperature  73°  in  the 
winter  season.  The  bee  consumes  the 
greatest  quantity  of  honey  when  the 
w’eather  is  cold,  that  is,  when  it  w'ants 
most  combustible  matter. 

Boerhaave  laid  it  dow  n as  an  aphorism, 
that  an  animal  could  not  live  long  in  a 
temperature  superior  to  its  own  standard; 
but  this  idea  has  been  proved  to  be  erro- 
neous, because  in  many  places  the  summer 
heat  exceeds  it.  At  Bussorah  the  ther- 
mometer in  the  shade,  in  the  month  of 
June,  stood  at  115°,  sometimes  higher; 
and  a remittent  fever  was  the  only  epi- 
demic disease  that  appeared.  In  Fin- 
. ...  land 
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land  and  Russia  the  inhabitants  expose 
themselves  in  vapour  baths,  to  a tem- 
perature from  110°  to  140°,  without 
having  the  temperature  of  their  bodies 
raised  above  104°,  and  without  injury. 

The  facts  which  first  overturned  Boer- 
haave^s  doctrine  were  related  by  Duha- 
mel  and  Dutillet  before  the  Royal  Acade- 
my at  Paris.  They  observed  that  the  maid- 
servants of  a baker  could  venture  into  an 
oven  heated  to  27b*,  and  remain  there 
a quarter  of  an  hour : they  themselves 
remained  nearly  five  minutes  in  a tem- 
perature equal  to  290“  of  Fahrenheit*. 
These  experiments,  which  excited  con- 
siderable interest  among  philosophers, 


^Duhamel,  Supplement  auTraite  cle  la  Conser- 
vation des  Grains. 

Dutillet,  Traitc  du  Degrc  de  Chalcur  aiiquel  les 
Hommes  et  les  Animaux  resistent. 
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have  been  confirmed  by  sir  Charles 
Blagden,  Dr.  Fordyce,  and  others,  who 
remained  a long  time  in  a very  high 
temperature,  without  the  temperature  of 
their  bodies  being  raised  more  than  three 
or  four  degrees. 

This  uniformity  of  temperature  was 
attributed  to  a power  in  the  living  body 
of  generating  cold  ; by  which  expression 
nothing  can  be  understood  but  the  carry- 
ing off  caloric,  or  its  conversion  from  a 
sensible  to  a latent  state.  Whether  the 
evaporation  or  the  common  processes  of 
cooling  were  increased,  is  not  known,  for 
the  relation  of  these  experiments  is  de- 
fective in  the  most  material  points ; and 
nothing  more  can  be  deduced  from  them, 
than  that  at  so  high  a temperature  the 
temperature  of  the  surface  of  the  hu- 
man body  was  increased  only  about  three 
degrees,  and  we  may  conclude  that  the 

temperature 
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temperature  of  the  whole  was  increased 
to  the  same  standard. 

By  these  experiments,  and  by 'Other 
histories  which  might  be  related,  the 
general  fact  is  ascertained,  that  life 
may  be  sustained  under  a great  in- 
crease of  temperature  in  the  surround- 
ing medium  ; and  experiments  equally 
prove  that  life  may  be  sustained  under  a 
considerable  reduction  of  temperature. 

In  Dr.  Currie's  experiments  on  the 
effects  of  cold  upon  persons  in  health, 
they  were  immersed  in  salt  water  at  40°, 
and  the  thermometer  under  the  tononie 
fell  to  90'^  and  88°,  but  presently  rose 
to  96°,  and  then  became  stationary. 
The  shower  bath  produced  little  altera- 
tion on  the  thermometer,  rather  a rise 
than  a fall  of  the  mercury : however, 
when  fresh  water  was  used  the  effects 
were  very  different,  the  thermometer 

sunk 
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sunk  to  92°,  sickness  was  produced,  and 
a febrile  attack,  wliicli  was  soon  removed 
by  sweating. 

Some  experiments  were  made  at  Edin- 
burgh, and  published  by  Dr.  Spooner 
in  his  Thesis  “ De  Ascite  Abdominali,'" 
T785  ; w hich  prove  that  exposure  to  cold 
has  the  effect  of  diminishing  the  force 
of  the  pulse  very  much,  and  of  pro- 
ducing anasarca,  as  the  uniform  effects 
of  being  exposed  naked  when  the  tem- 
perature of  the  air  w^as  32°  upon  Arthur's 
Seat,  were  accumulation  of  blood  in  the 
extreme  vessels,  great  exhaustion,  and  ef- 
fusion into  the  cellular  membrane. 

“ It  appears,"  says  Mr.  Carlisle,  “ that 
all  classes  of  animals  are  endowed  with 
some  power  of  producing  thermometri- 
cal  heat,  since  it  has  been  so  established 
in  the  amphibia,  pisces,  vermes,  and  in- 

secta, 
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secta,  by  Mr.  John  Hunter,  a fact  which 
has  been  verified  to  my  own  experience*.^’ 
Notwithstandino;  two  such  hi«i;h  authori- 
ties,  I am  disposed  to  think  that  animal 
temperature  depends  wholly  on  respira- 
tion ; and  as  we  have  no  means  of  estima- 
ting the  ratio  of  any  other  power,  which 
in  the  examples  above  mentioned  is  not 
sufficient  to  preserve  their  equable  tem- 
perature in  cold  climates,  we  may  con- 
clude that  it  is  the  difference  in  the  func- 
tion of  respiration  which  regulates  this 
important  process  in  the  animal  econo- 
my ; and  the  peculiar  power  possessed  by 
the  abovementioned  animals,  and  by  some 
of  the  Mammalia,  is  that  of  yielding  to 
the  changes  of  the  atmosphere  and  be- 
coming torpid  during  the  winter. 


* Lecture  on  Muscular  Motion,  Phil.  Trans. 
1805,  p.  15. 
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Among  the  great  variety  of  situations 
in  which  hybernating  animals  are  found, 
it  has  be^en  asked,  What  is  their  natural 
state?  and  it  has  been  answered  that 
Torpidity  is  not  their  natural  state,  not  a 
constitutional  principle  of  their  animal 
oeconomy,  not  a necessary  propensity, 
but  a habit  accidentally  produced  by  ex- 
ternal circumstances.  This,  however, 
is  an  abuse  of  language,  for  the  proper 
meaning  of  words  authorizes  us  to  con- 
sider that  as  the  natural  state,  which  an 
animal  w'ould  assume,  if  it  were  placed 
upon  the  earth  and  left  without  food  to 
the  spontaneous  impulse  of  nature ; — 
and  in  this  point  of  view,  the  state  of  tor- 
pidity is  strictly  a natural  and  instinctive 
habit. 

There  are  some  facts  which  have  been 
brought  forward  in  support  of  the  op- 
posite opinion  ; but  they  seem  to  me,  if 

they 
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they  prove  any  thing,  to  prove  too 
much,  because  they  show  how  much  is 
effected  by  the  principle  of  accommoda- 
tion that  regulates  the  animal  ceconomy, 
and  how  the  natural  habits  may  be  al- 
tered by  domestication. 

A tame  marmot  kept  by  Pallas,  which 
became  extremely  fat  during  the  sum- 
mer, continued  awake  the  whole  winter, 
although  it  w'as  exposed  to  the  same 
low^  temperature  which  threw  the  whole 
species  into  a torpid  state  in  that  part  of 
Siberia.  Mr.  Gough  observed  several 
years  ago  that  the  dormouse  may  be  pre- 
vented from  becoming  torpid,  by  sup- 
plying it  plentifully  with  food.  And  I 
have  observed  the  same  circumstance 
with  regard  to  the  hedgehog  ; w’hen  kept 
in  a warm  house  and  supplied  with  food, 
it  is  able  to  resist  the  action  of  severe 
weather  without  showing  any  disposition 


to 
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to  become  torpid.  1 am  disposed  to  think 
the  torpor  of  the  hedgehog  is  never  so 
complete  as  that  of  other  animals  ; Spal- 
lanzani was  not  able  to  produce  torpor 
by  artificial  means,  and  he  never  saw  a 
liedgchog  in  its  torpid  state ; but  there 
can  be  no  doubt  of  its  being  torpid,  when 
left  to  itself  in  a wild  state,  and  the  only 
dilference  is  that  it  is  easily  prevented  by 
a generous  diet. 

That  torpor  is  natural  to  some  animals 
appears  evident,  since  they  cannot  live 
through  the  winter  without  it,  as  exem- 
plified in  the  jerboa. 

Gmelin  says  that  all  the  species  of 
Dipus  hybernate,  “ M)foxi  omnes  hijbcr- 
nant  tt  dipochs^”  This  assertion,  how- 
ever, is  too  general,  because  many  of 


* Systema  Naturce,  tom.  i.  p.  157. 
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the  same  species  of  animals  'uhich  bei 
come  torpid  in  one  country,  do  not  be- 
come so  in  another.  In  the  United  States 
of  America  this  fact  is  very  observable. 
Many  species  of  animals  which  hyber- 
nate  in  Pennsylvania,  and  other  more 
northern  parts  of  the  country,  do  not 
become  torpid  in  the  Carolinas  and  other 
southern  parts  of  the  continent*. 

It  has  been  supposed  that  hybernating 
animals  were  originally  inhabitants  of 
warmer  climates,  driven  from  thence  by 
Avant  of  food  or  by  accidental  causes, 
and  compelled  to  seek  for  safety  in 
colder  regions.  The  hypothesis  cannot 
be  decided  for  want  of  observations,  as 
we  are  still  ignorant  respecting  many 
parts  of  the  natural  history  of  these  ani- 


Dr.  Barton’s  paper  in  American  Phil,  Trans, 
vol.  iv. 
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nials ; for  instance,  What  is  the  native 
country  of  each  species  of  hybernating 
animal,  and  what  the  temperature  of  its 
climate?  Would  the  animals  which  be- 
come torpid  every  winter  in  this  country, 
assume  the  same  habit  in  a warmer  lati- 
tude ? Would  serpents  and  lizards,  which 
live  between  the  tropics,  become  torpid 
in  our  climate  at  the  approach  of  winter  ? 
Is  there  any  thing  in  the  anatomical 
structure  of  hybernating  animals  which 
points  out  a marked  dilference  between 
them  and  other  tribes,  and  shows  their 
destination  ? Are  they  endowed  with  a 
longer  life  than  other  animals  ? — Inqui- 
ries of  this  sort  would  throw  considerable 
light  on  their  singular  mode  of  existence, 
and  we  might  be  led  to  some  interesting 
and  useful  knowledge,  by  a series  of  well- 
attested  facts  and  experiments  on  each 
of  these  questions. 


At 
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At  the  very  time  when  all  the  different 
animals  become  torpid  in  our  quarter  of 
the  w'orld,  their  food  is  no  longer  to  be 
procured  ; they  would  perish  by  hunger, 
if  a supply  of  food  w'ere  not  rendered 
unnecessary  by  a suspension  of  their  ani- 
mal functions  ; and  these  actions  are  not 
restored  till  the  spring,  when  the  same 
sun,  whose  vivifying  influence  awakens 
them,  acts  in  like  manner  upon  the  larvsc 
of  insects,  and  the  seeds  and  roots  of 
plants,  in  order  to  furnish  the  necessary 
supply  of  food  for  the  reviving  animals  as 
soon  as  they  require  it. 

When  the  phienomena  of  torpidity  are 
first  presented  to  the  mind,  astonishment 
and  perplexity  arise,  because  they  ap- 
pear inexplicable  : torpid  animals  ap- 
pear insulated  beings ; they  seem  to  form 
an  exception  tO'Our  general  ideas  of  ani- 
mal existence,  in  which  we  naturally 

look 
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look  for  motion,  activity,  and  change. 

But  after  tracing  tlie  regular  gradations 

in  nature,  and  observing  the  intimate 

connection  and  relation  of  the  various 

species  of  organized  beings,  our  wonder 

may  cease,  whilst  our  admiration  of  the 

infinite  wisdom  and  goodness  of  the 

Creator  must  be  elevated  and  increased. 

This  is  not  the  only  fact  which  at  first 

appears  an  exception  to  a general  law,  it 

is  not  a solitary  instance  of  that  beauti- 
%/ 

ful  accommodation  of  intricate  means 
for  simple  ends; — in  reading  the  works  of 
Reaumur,  Trembley,  Bonnet,  and  Spal- 
lanzani, numerous  examples  equally  sur- 
prising may  be  found. 

Buffon  thought  that  torpid  animals 
suffered  their  animation  to  be  suspended, 
from  their  not  being  able  to  evolve  heat 
sufficient  to  keep  them  in  the  same  tem- 
])erature  as  the  external  air  : but  in  this 

he 


HYPOTHESIS  OF  DUPONT  DE  NEJVIOURS. 


lie  was  completely  mistaken;  for,  notwith- 
standing all  attempts  to  diminish  their 
temperature,  it  still  continues  above 
that  of  the  atmosphere  in  which  they 
are  placed. 

Mr.  Du  Pont  de  Nemours,  in  an  inge- 
nious memoir  on  a kind  of  death  that 
may  be  presumed  to  be  only  apparent, 
adopts  the  following  opinion,  perhaps 
with  the  majority  of  naturalists,  respect- 
ing the  nature  of  torpidity : he  refers 
it  partly  to  the  benumbing  effects  of  the 
cold  which  prevails  in  the  winter,  and 
partly  to  a high  degree  of  corpulency, 
which  is  generally  contracted  in  autumn, 
from  an  unrestrained  indul2;cnce  in  the 
abundance  and  delicacies  of  that  season. 
He  moreover  supposes  that  animals  do 
not  submit  to  this  long  suspension  of 
their  vital  functions  in  obedience  to  the 
dictates  of  necessity  ; on  the  contrary, 

h(t 


80  MR.  Gough’s  objections. 

lie  imagines  them  to  court  a lethargic 
habit,  in  consequence  of  certain  pleasing 
sensations  which  are  known  to  precede 
the  first  moments  of  sleep. 

To  this  hypothesis  Mr.  Gough  has 
very  ably  stated  some  objections,  and 
he  substantiates  them  by  facts  which  are 
new  and  interesting,  the  results  of  his 
own  acute  observation.  His  objections 
are  contained  in  the  four  following  pro- 
positions ; I shall  state  them  in  his  own 
words'^ : — 

“ First,  Animals  do  not  submit  to  tor- 
pidity upon  choice,  but  from  necessity  : 
and  when  cold  happens  to  be  the  im- 
mediate cause,  they  fly  from  it,  if  pos- 
sible. 

“ Second,  Certain  animals  apparently 


* Nicholson’s  Journal  of  Nat.  Phil,  and  Che- 
mistry, vol.  xix.  p.  162. 
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support  a voluntary  suspension  of  tlieir 
functions  in  summer  as  well  as  winter, 
when  food  is  withheld  from  them  : this 
is  probably  intended  to  preserve  life  by 
diminishing  the  action  of  the  system. 

“ Third,  A quadruped  noted  for  its 
lethargic  disposition  in  winter  maybe  so 
far  strengthened  by  a generous  diet  as 
to  retain  the  full  use  of  its  faculties  du- 
ring; the  time  of  a severe  frost : from 
which  we  mav  infer  that  an  emaciated 
habit  of  body  is  the  predisposing  cause 
of  torpidity,  in  opposition  to  the  com- 
mon opinion  which  assigns  this  office  to 
corpulence. 

“ Fourth,  The  united  action  of  hun- 
ger and  a low  temperature  has  produced 
a kind  of  apparent  death  in  a human 
being,  who.  was  restored  to  life  by  sti- 
mulating remedies,  after  lying  several 
days  without  sense  and  motion. 
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‘‘  Tlie  hearth  cricket  [Gryllus  domestic 
cus)  affords  a proof  of  the  first  objec- 
tion. Those  who  have  attended  to  the 
manners  of  this  familiar  insect  will  know 
that  it  passes  the  hottest  part  of  the  sum- 
mer in  sunny  situations,  concealed  in  the 
crevices  of  walls  and  heaps  of  rubbish. 
It  quits  its  summer  abode  about  the  end 
of  August,  and  fixes  its  residence  by  the 
fire-side  of  the  kitchen  or  cottage,  where 
it  multiplies  its  species,  and  is  as  merry 
at  Christmas  as  other  insects  are  in  the 
dog-days.  Thus  do  the  comforts  of  a 
warm  hearth  afford  the  cricket  a safe  re- 
fuge, not  from  death,  but  from  tempo- 
rary torpidity  ; which  it  can  support  for 
a long  time,  when  deprived  by  accident 

of  artificial  warmth. — I came  to  the 

% 

knowledge  of  this  fact,"’  says  Mr.  Gough, 
“ by  planting  a colony  of  these  insects  in 
a kitchen,  where  a constant  fire  is  kept 

through 
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through  the  summer^  but  which  is  dis- 
continued from  November  to  June,  with 
the  exception  of  a day  once  in  six  or 
eight  weeks.  The  crickets  were  brought 
from  a distance,  and  let  go  in  this  room 
in  the  beginning  of  September  1806: 
here  they  increased  considerably  in  the 
course  of  two  months,  but  were  not 
heard  or  seen  after  the  fire  was  removed. 
Their  disappearance  led  me  to  conclude 
that  the  cold  had  killed  them  : but  in 
this  I was  mistaken ; for,  a brisk  fire 
being  kept  up  for  a whole  day  in  the 
winter, . the  warmth  of  it  invited  my  co- 
’ lony  from  their  hiding-place,  but  not 
before  the  evening ; after  which  they 
continued  to  skip  about  and  chirp  the 
greater  part  of  the  following  day,  when 
they  again  disappeared;  being  compelled 
by  the  returning  cold  to  take  refuge  in 
their  former  retreats.  They  left  the 

o 2 chimney- 
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chimney-corner  on  the  28th  of  May 
1807>  after  a fit  of  very  hot  weather,  and 
revisited  their  winter  residence  on  the 
31st  of  August.  Here  they  spent  the  sum- 
mer merely,  and  lie  torpid  at  present 
(Jan.  1808)  in  the  crevices  of  the  chim- 
ney, with  the  exception  of  those  days 
on  which  they  are  recalled  to  a tempora- 
ry existence  by  the  comforts  of  a fire."* 

In  addition  to  the  above  illustration, 
I think  the  first  objection  may  be  exem- 
plified by  the  well-known  fact  of  the 
migration  of  animals.  Some  species  of 
Dipus  migrate  from  the  northern  to  the 
southern  parts  of  America,  others  remain 
stationary  and  torpid  during  the  winter. 
Spallanzani  discovered  that  a great  num- 
ber of  the  species  of  bats,  especially 
Vespertilio  inurinus^  migrate  at  the  ap- 
proach of  cold  weather  in  Italy. — At 
Pavia  there  are  no  grottoes  nor  caverns 

where 
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where  bats  could  retire ; yet  not  a single 
Vespertilio  murinm  could  ever  be  found 
in  winter,  though  no  pains  nor  expense 
were  spared  in  searching  for  them.  Tiie 
last  time  bats  were  seen  by  Spallanzani 
at  Pavia  was  the  2d  of  November,  when 
the  thermometer  was  at  o5°. — Another 
fspecies  (Vespertilio  cquinus)  was  seen  at 
Modena  on  the  4th  of  the  same  month. 
In  the  beginning  of  March,  when  the 
thermometer  was  at  45°,  several  kinds 
of  bats  were  seen  flying  about  in  the 
neighbourhood  of  their  hiding-places  : 

, not  one  of  Vesp.  equiniis  yet  appeared  ; 
the  weather  being  too  cold  for  them,  since 
some  species  are  quite  torpid  at  a tem- 
perature which  others  are  able  to  endure 
without  their  muscular  energy  being  di- 
minished. One  singular  circumstance 
Spallanzani  noticed  in  caverns  where  bats 
were  collected  in  groups  on  the  cieling  ; 

they 


86 


MIGRATION  OF  BATS. 


they  remained  suspended  by  their  claws 
even  in  their  torpid  state,  and  he  saw 
them  in  that  situation  even  after  they 
were  dead  *.  Their  claws  and  their 
muscles  must  be  said  to  be  in  a state  of 
repose,  and  to  be  disposed  in  a way  to 
retain  the  same  posture,  even  in  this 
state  of  suspension  just  as  some  birds 
sleep,  supported  on  one  leg  only.  Some 
kinds  of  bats  certainly  migrate,  and  it 
is  not  the  degree  of  cold  that  urges  their 
removal  from  one  place  to  another,  be* 
cause  they  return  in  the  spring  to  the 
spot  which  they  left  when  the  thermo- 
meter is  lower  than  it  was  at  the  time 
when  they  quitted  it ; so  that  it  is  most 
probable  that  want  of  food  urges  them 
to  migrate,  and  if  any  species  remain 


* Rapports  dc  I’Air  avec  les  Etrcs  Organises, 
torn,  ii,  p.  12S. 
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behind,  it  is  because  they  can  still  find 
insects  which  serve  as  food. 

The  second  objection  is  exemplified 
by  Mr.  Gough  in  the  following  manner : 
“ I took,^^  says  he,  ‘‘  several  specimens 
of  the  garden  snail.  Helix'  hortcnsis,  and 
shut  them  up  in  a perforated  wafer-box, 
which  secluded  them  from  food  and 
water,  but  not  from  air.  A number  of 
the  Helix  zonaria  w^ere  treated  in  the 
same  manner  ; and  a few  of  this  species 
were  put  into  a bottle,  which  was  corked 
to  cut  off’  all  communication  with  the 
atmosphere,  as  well  as  food  and  water. 
Those  snails  did  not  live  lone:  which 
w'^ere  deprived  of  air;  but  the  specimens 
of  both  species  did  not  die  which  w^ere 
confined  in  the  perforated  boxes.  On 
the  contrary,  they  retired  into  their 
shells,  closing  the  apertures  of  them  w’ith 

thin 
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«/ 

dead  to  all  appearance,  as  long  as  I kept 
them  dry.  But  this  death  was  nothing 
more  than  apparent;  for  I restored  my 
prisoners  to  life  in  succession,  by  drop- 
ping them  into  a glass  containing  water 
ot  the  temperature  of  70°  or  72°:  after 
leaving  them  four  or  five  hours  in  this  si- 
tuation, 1 constantly  found  them  alive, 
and  sticking  to  a plate  which  covered 
the  vessel.  A large  garden  snail  sup- 
ported this  severe  confinement  nearly 
three  years,  being  apparently  dead  all 
the  time ; after  which  it  revived  upon 
being  put  into  water,  like  the  rest  of  its 
fellow  captives.  This  wonderful  faculty, 
however,  is  not  possessed  by  snails  of 
every  description."’ 

There  are  other  instances  of  suspended 
animation,  resembling  in  some  respects 
the  torpidity  of  warm-blooded  animals, 

which 
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which  some  animalcula  afford,  as  the 
wheel-animal,  the  sloth,  the  anguilla?.  of 
tiles,  and  those  of  blighted  corn.  These 
animalcula  become  quite  dry  and  ap- 
parently dead  by  being  deprived  of  mois- 
ture, and  this  state  may  be  protracted 
or  abridged  at  pleasure,  by  moistening 
the  sand  in  which  they  are  placed.  Mois- 
ture is  to  them  what  heat  and  food  are  to 
hybernating  animals  ; for,  w hen  deprived 
of  water,  which  keeps  up  the  relation 
between  their  bodies  and  the  external 
world,  their  functions  are  suspended,  and 
may  be  revived  by  the  application  of 
moisture,  even  after  they  have  been 
kept  in  a state  of  suspension  twenty- 
seven  years, — as  the  experiments  of  Mr. 
Needham  and  vS]xillanzani  show*. 


* Spallanzani’s  Tracts  on  the  Nature  of  Animals 
and  Vegetables,  p.  251. 
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Some  bats  become  torpid  in  summer, 
but  the  number  is  very  small  which 
forms  so  remarkable  an  exception  to  the 
general  law.  Spallanzani,  however,  has 
seen  them  in  that  state  during  summer ; 
and  as  these  animals  appear  to  possess 
some  voluntary  power  over  their  respira- 
tion, it  is  not  unreasonable  to  suppose  that 
this  state  of  torpidity  is  in  consequence 
of  some  instinctive  propensity  to  pre- 
serve life.  And  this  I think  furnishes  a 
strong  argument  against  the  opinions  of 
M.  Du  Pont  de  Nemours. 

The  third  and  fourth  objections  of 
Air.  Gough  are  exemplified  by  an  ac- 
count of  some  singular  anomalies  in  the 
history  of  man  himself,  and  b}^  some  in- 
teresting details  respecting  the  manners 
and  habits  of  dormice,  in  which  he  clear- 
ly proves  that  the  torpidity  may  be  olv 

via  ted 
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Abated  by  generous  diet  and  warmth  . 
but  I cannot  agree  wuth  tins  excellent 
experimentalist  in  considering  “ the  tor^* 
pidity  of  these  animals  in  a wuld  state  to 
be  nothing  but  a custom  imposed  by 
necessity  on  a constitution  which  nature 
has  intended  to  retain  life  during  the 
cold  season  of  winter,  with  but  little  food 
and  an  imperfect  degree  of  respiration, 
as  well  as  a languid  or  perhaps  a partial 
action  of  the  sanguiferous  system*. 

And  I am  disposed  to  draw  an  opposite 
conclusion  to  Mr.  Gough,  from  the  very 
arguments  he  has  used  in  support  of  the 
converse  of  the  proposition  concerning 
the  natural  habit  of  hybernaling  animals. 

He  has  adduced  several  instances  of 
animals  being  compelled  by  strong  cir- 


* Letter  ii.  in  Nicholson’s  Journal,  vol.  xix. 
p.  16‘6. 


cumstances 


92  HABITS  OF  ANIMALS  CHANGED. 

camstances  to  relinquish  tlicir  charac- 
teristic manners,  in  order  to  act  a part 
contrary  to  tlie  uniform  habits  of  their 
species,  Linnaeus  has  preserved  the 
memory  of  a tame  fieldfare  (Turdus 
pilaris,)  belonging  to  a vintner  at  Stock- 
holm, which  learned  to  drink  wine,  and 
became  bald  in  consequence  of  this 
strange  beverage.  Mr.  Gough  mentions 
also  that  he  knew  a mastift*,  which  was 
equally  fond  of  ale,  and  never  failed  to 
get  drunk  when  an  opportunity  offered. 
The  hyaena  lives  on  the  roots  of  fritillary 
in  the  unfrequented  parts  of  Africa  ; but 
in  the  vicinities  of  populous  cities  it 
changes  into  a disgusting  glutton,  feed- 
ing on  filth  and  carrion. — The  hog,  in 
its  w ild  state,  is  a cleanly  animal ; and 
seems  to  delight  in  wallowang  in  mire 
and  in  nasty  w^ays,  because  it  suffers  so 
much  irritation  and  uneasiness  on  its 

skin 
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skin  in  a domestic  state ; partly,  perhaps, 
from  want  of  a sufficient  supply  of  mois^ 
ture,  and  partly  from  the  hot  and  stimu- 
lating kind  of  food.  The  pied  fly-catcher 
{Muscicapa  atricapilla)  lives  on  soft  seeds 
and  insects  in  this  country  ; but  its  food 
is  very  different  in  Norway,  especially 
during  winter,  when  it  repairs  to  the 
habitations  of  men,  and  subsists  on  flesh 
dried  in  the  smoke.  Spallanzani  convert- 
ed a pigeon,  which  is  granivorous,  into 
a carnivorous  bird,  by  inducing  it  in  the 
first  place  to  eat  fresh  meat,  and  aftei- 
wards  to  give  a preference  to  putrid  ani- 
mal substances.  Mr.  John  Hunter  gra- 
dually brought  a hawk,  and  Spallanzani 
accustomed  an  eagle,  to  live  upon  bread, 
though  both  these  birds  naturally  live 
upon  flesh.  Cattle  in  some  countries 
arc  fed  with  salted  fish  in  the  v inter  sea- 
son ; many  animals  change  their  food  in 

the 
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the  course  of  their  lives  : and  a total  al- 
teration in  the  diet  of  any  animal  may 
be  effected  without  danger,  provided  the 
alteration  be  gradual. 

Some  nations  live  entirely  on  vege- 
table food,  and  others  never  taste  any 
thing  but  animal  substances ; vegetable 
food  is  more  generally  taken  in  warm 
climates  ; animal  food,  in  cold  countries  ; 
and  the  inhabitants  of  temperate  climates 
eat  a mixture  of  both.  Some  tribes  of 
savages  live  wholly  on  flesh,  and  eat  it 
without  cooking  : the  Greenlanders  and 
the  inhabitants  of  the  north  are  fed  on 
fish,  and  principally  on  parts  of  the 
whale ; and  Crantz  assures  us  that  the 
liead  and  shoulders  of  a sea-dog  or  shark 
are  hidden  by  these  people,  under  the 
grass  in  summer,  and  under  the  snow  in 
winter  ; so  that  half-frozen  and  half- 
putrid  flesh  is  devoured  with  an  eager- 


ness 
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ness  equal  to  that  of  an  European  eating 
the  best  ham. 

/ 

The  crews  of  ships  in  long  voyages, 
and  in  shipwrecks,  have  been  frequently 
reduced  to  the  greatest  distress  for  want 
of  food,  and  serve  to  show  how  wonder- 
fully the  human  frame  is  capalde  of  ac- 
commodating itself  to  circumstances. — 
Many  other  instances  might  be  brought 
forward,  but  these  are  abundantly  satis- 
factory with  regard  to  the  efEcacy  of  the 
principle  of  accommodation  which  regu- 
lates the  animal  oeconomy. 

« 

Still  the  question  recurs.  Is  torpidity 
merely  an  accidental  habit,  or  is  it  a 
natural  propensity  ? 

Particular  experiments  will  not  enable 
us  to  decide  this  question  ; they  will  not 
lead  to  a legitimate  conclusion  : we  must 
take  the  history  of  every  animal  from 


9G  natural  state. 
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its  manners  and  habits  in  the  situation 
in  ^vhich  it  is  placed  by  nature,  not  from 
its  appearance  in  any  forced  or  unnatural 
condition.  Peter  the  Wild  Boy,  and 

V 

the  Savage  of  Aveyron,  caught  in  the 
woods,  v\  here  they  had  always  lived 
apart  from  their  species*,  are  singular 
and  anomalous  examples  ; they  are  not 
specimens  of  the  natural  character  of 
man,  and  ought  not  to  be  considered  as 
such.  If  a solitary  bee  should  by  chance 
be  found  in  a wood  humming  and  buz- 
zing about,  ought  it  to  be  concluded 
that  this  bee  is  in  a state  of  nature,  and 
that  those  who  work  together  in  a hive 
are  an  artificial  and  degenerate  race  ? 

Every  animal  is  endowed  with  certain 
instinctive  propensities,  to  which  it  is 
irresistibly  subject  and  necessarily  obe- 
dient in  its  natural  state.  If  I am  asked. 
What  is  this  instinct  ? I answer,  By  the 

term 
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term  instinct^  I understand  “ a predis- 
position for  certain  actions  when  certain 
sensations  exist it  is  the  arrangement 
of  certain  organs,  which  are  developed 
and  called  into  action  by  peculiar  cir- 
cumstances. This  instinct  cannot  be 
displayed  so  completely  when  animals 
are  kept  in  a forced  situation : if  dor- 
mice are  supplied  with  food,  their  tor- 
pidity is  imperfect ; they  sleep  during 
the  day,  but  they  awake  every  night  to 
cat. 

Observations  made  on  dormice  from  the 
* 

beginning  to  the  end  of  winter  show  that 
their  confinement,  and  their  being  subject 
to  frequent  interruption,  prevent  them 
Irom  becoming  torpid,  although  exposed 
to  a degree  of  cold  below  the  freezing 


* Browne’s  Observations  on  Darwin’s  Zoono- 
mla. 
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point.  Spallanzani  observed  fourteen 
dormice,  v liicli  be  kept  in  a cage,  be- 
come torpid  on  the  12  th  of  November, 
and  for  several  days  following,  at  a tem- 
perature of  43”,  and  even  when  the  ther- 
mometer stood  higher : but  what  is  sin- 
gular, these  animals  were  so  torpid  in  the 
day-time  as  to  be  rolled  up  in  the  shape 
of  a ball,  to  have  their  eyes  closed,  to  be 
cold  to  the  touch;  and  yet  they  awoke  at 
night  and  ate,  and  fell  asleep  again  in  the 
morning.  These  observations  were  made 
on  dormice  kept  in  a cage  upon  his 
window,  exposed  to  a temperature  35% 
38°,  40° ; and  lie  was  particularly  struck 
with  their  becoming  completely  torpid 
for  several  successive  days  in  the  month 
of  March  on  the  recurrence  of  the  cold 
weather,  whilst  their  torpor  had  alternated 
with  waking  during  the  winter:  he  conjec- 
tures the  sensation  of  hunger,  which  these 

animals 
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animals  might  experience  in  the  night, 
to  have  been  the  cause  of  this  remark- 
able effect  **.  He  shows  also  in  the  same 
memoir,  that  dormice  kept  in  a situation 
more  resembling  their  wild  state  became 
torpid  in  the  month  of  November,  and 
remained  till  the  middle  of  March  with- 
out eating  the  food  which  was  supplied 
for  them. 

When  I was  in  Switzerland  I procured 
two  young  marmots  in  September  1805, 
and  kept  them  with  the  view  of  determin- 
ing the  question  whether  their  torpidity 
could  be  prevented  by  an  abundant  sup- 
ply of  food  and  moderate  heat.  I 
carried  them  with  me  to  Vienna,  and 


* Memolre  siir  les  Loirs,  Vide  Rapports  de 
l*Air,  &c.,  torn.  ii. 
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kept  them  the  whole  of  the  winter 
1805*6 : the  months  of  October  and 
November  were  very  mild;  my  marmots 
ate,  every  day,  turnips,  cabbages,  and 
brown  bread,  and  were  very  activ^e  and 
lively  ; — they  were  kept  in  a box  filled 
with  hay  in  a cellar,  and  afterwards  in 
a room  without  a fire,  and  did  not  show 
any  symptoms  of  growing  torpid. 

December  18th  the  weather  was  cold, 
and  the  wind  very  sharp ; Fahrenheit's 
thermometer  stood  at  18"  and  20° : two 
hedgehogs  died  which  were  kept  in  the 
same  room  with  the  marmots,  and  a 
hamster  died  also  in  a room  where  a fire 
was  constantly  kept,  though  these  ani- 
mals had  plenty  of  hay  and  food.  The 
marmots  became  more  torpid  than  I ever 
saw  them  before,  yet  they  continued  to 
come  out  of  their  nest  and  endeavoured 
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to  escape ; the  food  given  them  in  the 
evening  was  always  consumed  by  tlie 
next  morning.  In  January  the  weather 
was  unusually  mild  and  warm  ; my  mar- 
mots ate  voraciously,  and  were  jumping 
about  in  the  morning : but  at  four  o^clock 
in  the  afternoon  I examined  them  seve- 
ral times,  and  found  them  not  complete- 
ly rolled  up,  half  torpid,  and  quite 
cold  to  the  to  ch  : they  continued 
in  this  state  of  semi-torpor  for  several 
weeks  longer,  never  becoming  so  torpid 
as  to  live  many  days  without  eating,  and 
never  so  active  as  to  resist  the  benumbing 
influence  of  the  cold  weather. 

I regret  not  being  able  to  give  any 
further  account  of  these  animals  the  fol- 
lowing winter,  as  the  interrupted  cor- 
respondence occasioned  by  the  war  has 
prevented  me  from  hearing  often  from 
my  friend  Dr.  bchreibcrs,  the  professor 

of 
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of  natural  history,  to  whose  care  I comr 
mitted  them  when  I left  Vienna ; since 
wdiich  time  they  have  been  lodged  in  the 
imperial  menagerie  at  Schonbrunn. 

Jf  any  inference  can  be  drawn  from 
these  remarks,  it  is  in  favour  of  my  opi- 
nion that  torpidity  is  a natural  instinc- 
tive propensity.  Did  not  the  marmots 
become  almost  torpid,  although  confined 
in  a box  ? What  habit  could  they  have 
acquired  ? Whose  instruction  could  they 
liear  ? or  w hose  example  did  they  fol- 
low^ ? They  w'ere  both  }mung  ; they  w^ere 
caught  early  in  the  summer ; they  were 
supplied  w ith  plenty  of  food  ; and  they 
had  both  grown  extremely  fat : and  yet 
they  were  both  affected  by  the  variations 
of  temperature  in  a most  astonishing 
manner.  Hence  I am  induced  to  tliink 
differently  from  ]\Ir.  Gough  upon  this 

subject, 
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subject,  and  with  all  due  deference  to 
his  good  Judgement,  I am  apt  to  suspect 
that  he  has  been  led  away  by  the  result 
of  his  own  experiments,  and  by  a similar 
one  related  by  the  celebrated  Pallas,  and 
that  he  has  attributed  to  the  effects  of 
regimen  what  is  the  result  of  many  other 
circumstances  cooperating  together. 

The  professor  of  natural  history  at 
Vienna  has  kept  tame  marmots : he  in- 
formed me  that  they  might  be  kept  alive 
and  free  from  absolute  torpidity  through- 
out the  winter,  in  a warm  room,  by  a 
plentiful  supply  of  food,  but  that  they  were 
frozen  to  death  if  allowed  to  remain  in 
a very  cold  situation  : when  brought  into 
a warm  temperature,  during  their  torpid 
state,  they  w'ere  roused  into  action  ; but, 
if  this  experiment  was  often  repeated, 
the  animals  died  violently  agitated,  and 

liEcmorrhage 
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lia3morrliage  took  place  from  the  mouth 
and  nostrils. 

Those  marmots  which  are  kept  in 
houses,  says  Girtanner^,  never  become 
torpid ; but  towards  the  approach  of 
winter  they  feel  the  influence  of  instinct,, 
collect  themselves  into  groups,  and 
. gather  hay  to  make  a nest.  The  obser- 
vations which  I have  been  able  to  make 
prove  the  reverse,  and  I am  happy  to 
have  them  confirmed  by  the  authority 
of  count  Matsuschka  : his  tame  marmot 
became  torpid  in  winter  for  more  than 
one  season,  it  retired  and  rolled  itself  up 
as  it  does  in  the  wild  state  : in  the  mid- 
dle of  September  1783,  it  carried  hay 
and  straw^  and  hid  itself  behind  a stove 
in  the  servants’  room : it  did  not  appear 


* Lichtenber^’s  und  Voi2;t’s  Magazin  filr  das 

O O w 

Ncuestc  der  Physik,  b.  iv.  s.  17. 

after 

j 


INFLUENCE  OF  DOMESTICATION.  105 

after  the  6tli  of  October ; — and  on  the 
5th  of  April  1784  it  came  out  of  its 
retreat,  after  remaining  six  months  with- 
out eating  or  drinking 

The  nearer  hybernating  animals  are 
allowed  to  approach  their  natural  mode 
of  life  in  a domesticated  state,  the  more 
they  follow  their  natural  habits,  as  wc 
see  that  confinement  prevents  them  from 
becoming  torpid  either  with  or  without 
food,  and  a liberty  of  indulging  their 
own  feelings  shows  how  congenial  tor- 
pidity is  with  their  nature.  The  mar- 
mot, therefore,  if  any  animal  be  natu- 
rally torpid,  is  so  in  an  eminent  degree  : 
it  can,  as  well  as  the  dormouse  and  the 
hedgehog,  live  without  sleeping  through 


* Naturgeschichte  der  Europa'ischen  Thiere,  von 
J.  A,  Goeze,  b.  ii.  p.  224. 
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the  ^vhole  winter;  but  its  tendency  to 
torpidity  is  by  no  means  artificial,  nor 
could  we  bestow  upon  other  animals  the 
disposition  to  become  torpid  at  the  ap- 
proach of  winter,  any  more  than  we 
could  give  to  ourselves  a new  organ  of 
perception. 

Hybernating  animals  are  always  found 
where  the  low  temperature  and  the  want 
of  proper  food  render  torpidity  inevitable: 
marmots  are  found  on  the  tops  of  moun- 
tains, and  the  tribe  of  Glires  abound 
most  in  Russia.  Torpidity  then  may  be 
said  to  be  natural  to  them,  since  they 
are  subject  to  it  in  situations  where  they 
are  placed  by  Nature ; a dilTerence  is 
observed  in  their  organization,  evidently 
designed  to  answer  some  important  pur- 
pose ; and  existence  in  a condition  for 
which  a peculiar  provision  is  made  may, 

therefore. 
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therefore,  be  justly  considered  as  na- 
tural. 

That  animals  can  live  without  becom- 
ing torpid,  is  no  argument  against  what 
I have  endeavoured  to  prove.  This  also 
is  a necessary  consequence  of  instinct ; 
and  is  to  be  explained  upon  the  above^ 
mentioned  principle,  that  “ certain  actions 
take  place  when  certain  sensations  exist 
and  when  these  do  not  exist,  the  actions  do 
not  ensue,  because  the  propensities  are 
only  excited  where  the  disadvantages  exist 
against  which  the  instinct  provides.  Di- 
minished temperature  and  the  want  of 
food  are  the  first  steps  in  the  series  of 
phaanomcna  which  constitute  torpidity  ; 
and  1 have  endeavoured,  in  a former  part 
ot  tins  essay,  to  point  out  the  successive 
changes  which  intervene  between  the 
(ibstraction  of  external  heat  and  nourish- 
ment. 
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ment,  and  the  complete  suspension  of  all 
the  animal  functions. 

The  conditional  exemption  of  certain 
liybeimating  animals,  and  some  remark- 
able facts  in  the  history  of  mankind,  have 
led  some  persons  from  analogy  to  attri- 
bute the  same  accommodating  faculty  of 
becoming  torpid  to  all  other  animals. 
Mr.  Gough  is  inclined  to  favour  this 
supposition,  and  has  adduced  some  sin- 
gular facts  in  support  of  it.  Sheep  in 
Iceland  live  under  the  snow;  and  fre- 
quent instances  occur  in  Cumberland  and 
AVestinorcland,  and  in  the  Highlands  of 
Scotland,  of  sheep  living  four  or  five 
weeks  under  drifts  of  snow,  where  they 
can  procure  little  or  no  food,  and  must, 
it  is  supposed,  become  torpid.  Dr.  Plott, 
in  his  History  of  Staffordshire,  relates 
several  wonderful  cases  of  persons  con- 
tinuing 
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tlnuing  asleep  for  seven  or  fourteen  days, 
apparently  from  the  influence  of  fear 
and  anxiety,  and  other  causes  which 
tend  to  weaken  the  action  of  the  vital 
powers ; but  they  do  not  strike  me  as 
applicable  to  the  point  in  question. 

One  of  the  most  striking  instances 
with  which  I am  acquainted,  occurred 
within  my  own  recollection,  and  the 
truth  of  it  there  is  not  the  least  reason 
to  suspect.  Elizabeth  Woodcock  of  Im- 
pington,  near  Cambridge,  in  returning 
from  market  on  Saturday  evening,  Feb. 
2d  17995  lost  in  a storm  of  snow 
which  drifted  over  her  about  six  feet 
deep,  under  which  she  lay  buried,  w ith- 
out food,  until  Sunday  noon  the  10th  of 
February,  when  she  was  found  alive  and 
sensible,  though  she  died  some  weeks 
after,  from  mortification  of  her  le^'s.  It 
did  not  appear  that  she  had  slept  a great 

I 
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deal,  because  in  all  the  accounts  it  is  ex- 
pressly mentioned  that  she  remained 
sensible  during  the  wiiole  time. 

I have  read  accounts  of  the  Swiss  pea- 
sants being  frequently  buried  in  their 
huts  by  an  avalange,  and,  after  remain- 
ingunderthe  snow  for  a considerable  time, 
having  recovered  by  the  use  of  proper 
means.  But  I can  discover  no  satisfactory 
evidence  of  such  instances  having  really 
happened. — From  one  narrative  publish- 
ed*, it  appears  that  the  poor  wretches  were 
in  constant  dread  of  being  starved  ; but 
I never  could  learn  from  any  body  in 
Switzerland  that  a similar  circumstance 
ever  occurred  ; though  I have  frequently 
been  told  of  men  being  lost  in  snow  on 


* tt  Narrative  of  three  Women  saved  who  were 
buried  37  days  under  the  Snow  in  a Stable  at  Bcrge- 
moletto,  in  Italy,’*  by  F.  Soumis.  l2mo.  1739* 

the 
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the  mountains,  and  that  when  found,  se- 
veral months  after  they  had  disappeared, 
their  bodies  did  not  show  the  least  signs 
of  putridit}^,  the  cold  having  prevented 
any  sensible  decomposition. 

Though  there  are  some  singular  hiv 
tories  in  medical  records  which  may  ap-^ 
pear  to  favour  the  supposition  that  man 
may  become  torpid  under  certain  cir- 
cumstances, yet  we  have  the  most  posi- 
tive evidence  that  no  such  state  was  pro- 
duced by  causes  which  in  other  animals 
strongly  predispose  to  it. — Dr.  Currie,  in 
a very  interesting  account  of  the  remark- 
able effects  of  a shipwreck  on  some  ma- 
nners, mentions  that  these  unfortunate 
men  remained  twenty-three  hours  on  the 
wreck,  and  of  fourteen,  the  original 
number,  eleven  in  the  end  recovered  : — 
they  were  exposed  to  the  air  and  to  the 
sea  w ater,  the  temperature  of  both  w Inch;, 


as 
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as  nearly  as  could  be  guessed,' was  from 
33”  to  35” ; and  though  exposed  to  such 
severe  cold  for  so  many  hours,  without 
any  sort  of  food,  or  any  liquor  to  drink, 
none  of  them  w^ere  drowsy,  nor  did  sleep* 
precede  death  in  any  of  those  men  who 
perished 

When  we  reflect  how  wide  the  dif- 
ference is  between  man  and  other  ani- 
mals, especially  in  wdiat  regards  their 
adaptation  to  climate,  it  will  readily  be 
admitted  that  the  arguments  from  ana- 
logy are  fallacious ; and  in  conjecturing 
that  all  animals,  even  the  human  spe- 
cies, might  be  rendered  torpid  with  safe- 
ty, there  is  danger  of  falling  into  that 
error  which  supposes  events  that  do  not 
exist. 


*Phll.  Trans,  for  1792.-— Medical  Reports  on  the 
Effects  of  Water,  vol.  i.  chap,  xv. 
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With  plants  the  analogy  appears  more 
convincing,,  for  there  is  great  resem- 
blance between  hybernating  animals  and 
plants  in  the  winter;  and  the  fact  of  tor- 
pidity establishes  a new  relation  between 
the  higher  classes  of  animals  and  insects 
and  vegetables'.  The  greater  part  of 
plants  lose  their  verdure  at  the  approach 
of  winter ; they  have  but  little  sap,  and 
that  is  motionless  ; they  cease  to  take  in 
nutriment,  to  grow,  or  to  multiply  their 
species ; hence  complete  inaction  is  pro- 
duced ; and  they  revive  again  in  spring, 
like  insects  and  torpid  animals,  after  hav- 
ing apparently  been  reduced  to  a lifeless 
mass. 

Mr.  Gouo’h  has  related  some  instances 

I o 

of  suspended  animation  in  vegetables, 
particularly  in  the  Lemna  minor ^ or  com- 
mon duckVmeat,  and  the  Festuca  vivi- 
para  ; and  his  experiments  corroborate 

I the 
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the  analogy  between  vegetables  and  ani- 
mals, since  they  show  that  a certain 
description  of  organized  beings,  belong- 
ing to  both  kingdoms,  are  enabled  by 
this  provision  to  accommodate  themselves 
to  the  vicissitudes  of  variable  situations, 
and  to  preserve  not  only  the  life  of  the 
individual,  but  perhaps  the  existence  of 
the  species,  by  submitting  to  a temporary 
death,  or  rather  to  a complete  suspension 
of  life.  The  seeds  of  land  plants  which 
germinate  on  the  surface  of  the  ground, 
being  exposed  to  the  inconveniencies  of 
the  weather,  in  common  with  aquatic 
plants  growing  in  shallow  ponds,  are 
provided  with  the  same  principle  of  ac- 
commodation to  insure  their  safety*. 

Let  us  now  consider  the  extraordi- 


* Nicholson’s  Journal,  vol,  iv.  p.  511,  First 
Series. 
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nary  degrees  of  cold,  ascertained  by  ther- 
mometrical  observations,  which  the  hu- 
man body  is  capable  of  sustaining,  and 
does  indeed  undergo,  without  any  pecu- 
liar difference  either  in  constitution  or  in 
the  mode  of  life.  The  greatest  natural 
cold  accurately  known  is  that  observed 
by  Gmelin  in  1735,  at  Jeniseisk  in  58° 
north  lat.,  110°  long.  This  cold  began  in 
January,  and  was  so  severe  that  the  mer- 
cury in  the  thermometer  fell  down  to 
120“  below  zero,  that  is,  below  the  de- 
gree which  Fahrenheit's  scale  marks 
when  plunged  into  a mixture  of  muriat 
of  ammonia  and  ice.  Pallas,  in  his 
travels  through  Siberia,  remarked,  on  the 
7th  of  December  1772  f',  at  Krasnajorsk, 
56°  lat.,  110°  long.,  that  the  thermo- 


* Flora  Sibirica,  Preface, 
t Travels  in  Russia,  vol.  iii. 
I 2 
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meter  fell  to  80*^  below  0" : yet  this  was 
not  the  greatest  degree  of  cold ; for,  when 
the  mercury  descended  lower  than  the 
scale  was  marked,  it  sank  into  the  bulb 
and  was  congealed.  A mass  of  quick- 
silver exposed  to  the  air  was  frozen,  and 
became  partly  malleable. 

The  cold  experienced  by  some  of  our 
countrymen  at  Hudson’s  Bay  was  not 
accurately  measured,  but  it  must  have 
been  nearly  as  great.  Captain  Middleton 
assures  us,  that  the  lakes  which  were  not 
above  ten  or  twelve  feet  deep  were  frozen 
to  the  bottom,  and  that  even  in  heated 
rooms  wine  and  spirits  could  not  be  kept 
in  a fluid  state.  In  the  long  days  of  win- 
ter the  English  there  hung  up  in  their 
rooms  twenty-four  pound  balls  lieated 
red  liot ; and  although  they_  kept  an  im- 
mense tire,  yet  soon  after  it  was  out  the 
walls  of  the  room  and  the  beds  were 

covered 
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covered  with  layers  of  ice  three  inches 
thick*.  Great  as  this  degree  of  cold  is, 
yet  man  is  capable  of  enduring  it, 
provided  he  keeps  using  exercise  : he 
is  able  to  resist,  by  exerting  his  pov/ers, 
what  animals  are  compelled  to  submit 
to,  by  resigning  themselves  up  to  com- 
plete inactivity. 

The  savage  inhabitants  of  Canada, 
whose  dwellings  extend  almost  up  to 
Hudson’s  Bay,  and  the  Esquimaux,  go 
hunting  when  the  cold  is  excessive.  And 
we  are  not  to  suppose  that  the  natives  of 
the  coldest  parts  of  Siberia  never  stir  out 
of  their  huts,  except  in  mild  weather. 

Many  examples  are  on  record  of  Eu- 
ropeans, wlio  may  be  supposed  less  hardy, 
braving  extreme  degrees  of  cold.  Some 


* Philosophical  Transactions  abridged,  vol.  viii. 
p.  470. 
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Hollanders  in  1597?  under  the  command 
ot  Hemskerk,  were  obliged  to  pass 
a winter  at  Nova  Zembla  under  76° 
north  lat.  Their  wine  was  frozen,  al- 
though their  hut  was  covered  in  and 
heated.  Some  of  them  perished  ; but 
those  who  took  exercise,  and  were  other- 
wise in  good  health,  were  able  to  with- 
stand the  cold  which  even  the  white 
bear,  a native  of  these  regions,  could 
not  support.  The  journal  of  these 
Dutchmen  expressly  mentions,  that  as 
soon  as  the  sun  quits  the  horizon,  which 
it  does  in  these  regions  for  several 
months,  the  cold  becomes  so  severe  that 
the  bears  are  seen  no  more,  and  only  the 
white  fox  {Canh  lagopus)  is  able  to  live 
there  with  man 


* Zoologie  Gcographique,  par  E.  A.  Zimmer- 
man. 

Animals 
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Animals  are  furnished  with  thick  fur, 
and  are  provided  against  the  effects  of 
cold,  which  man  supports  without  any 
particular  provision,  and  without  even 
thick  clothing.  The  Greenlanders  go 
about  with  very  light  clothing,  and  with 
their  heads  and  necks  uncovered ; and 
the  peasants  in  Norway  work  during 
winter  with  their  bosoms  bare;  and  when 
heated  by  exercise  they  roll  themselves 
in  the  snow  without  any  bad  conse- 
quences. 

If  mankind  were  not  exempt  from 
that  law  of  Nature  which  forces  such 
numerous  tribes  of  the  inferior  animals 
to  become  torpid,  we  should  have  found 
it  exemplified  in  some  of  the  situations 
in  which  men  have  been  placed  either 
by  accident  or  by  the  common  course 
of  things.  No  allusion  is  made  to  so 
singular  an  event  in  the  physical  history 

of 
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of  our  species ; and  therefore  we  may 
conclude  that  it  has  never  occurred,  and 
is  inconsistent  with  the  established  laws 
of  the  human  frame. 

It  may  be  objected  to  this  conclusion, 
•that  mankind  are  liable  to  suspended  ani- 
mation from  drowning,  or  breathing 
noxious  gases,  and  arc  sometimes  re- 
stored to  life  after  being  apparently  dead. 
The  facts,  however,  connected  with  sub- 
mersion are  not  irreconcileable  with  what 
has  been  already  said  concerning  tor- 
pidity. There  is  an  essential  differ- 
ence between  the  two  cases.  I consider 
drowning  or  suffocation  as  a case  of  syn- 
cope, produced  by  certain  causes  acting 
upon  the  centre  of  the  system  and  in- 
fluencing the  remote  parts,  whereas  tor- 
pidity from  cold  first  affects  the  sen- 
tient extremities  of  the  nerves,  and  is 

propagated  graduallv  to  the  centre. 

The 
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The  change  which  takes  place  in  the 
blood  and  in  the  air  in  the  lungs,  is  ne- 
cessary for  the  support  of  the  muscular 
action  of  the  heart ; and  when  that  ac- 
. fion  has  ceased,  provided  the  cessation 
has  not  been  for  any  long  time,  it  is 
capable  of  being  restored  by  inflating 
the  lungs  with  atmospherical  air  or  oxy- 
gen gas. 

Death  takes  place  in  drowning  from 
the  exhaustion  of  the  irritability  of  the 
heart,  probably  in  consequence  of  some 
change  taking  place  in  the  muscular  and 
nervous  fibres  of  that  organ,  from  the 
sudden  loss  of  that  stimulating  power 
which  the  blood  acquires  in  the  lungs. 
In  these  instances,  death  comes  on  with- 
out the  temperature  being  much  re- 
duced. Diminished  temperature,  there- 
fore, is  not  the  primary  cause  of  suspend- 
ed animation  in  submersion,  or  breathino- 

carbonic 
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carbonic  acid  gas : if  that  were  true  of 
drowning,  as  it  is  of  torpidity,  animals 
could  not  be  drowned  in  a temperature  so 
high  as  or  higher  than  their  own. — The 
great  influence  of  atmospherical  air  on 
the  action  of  the  heart,  shows  the  im- 
portance of  inflating  the  lungs  as  the 
first  step  towards  the  recovery  of  drown- 
ed persons,  whilst  the  loss  of  irritability 
must  be  attempted  to  be  restored  by  com- 
municating heat  and  tension  to  the  faint 
and  exhausted  system. 

In  all  organized  beings,  the  final  cause 
of  respiration  is  the  same:  but  the  organs 
by  which  this  function  is  carried  on  are 
exceedingly  varied  ; and  it  is  curious  to 
observe,  that  the  more  perfect  respiration 
is,  the  more  concealed  are  the  organs 
which  perform  it,  consequently  less  like- 
ly to  be  influenced  by  changes  in  the 
temperature  of  the  atmosphere.  Birds, 

Avhose 
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whose  respiration  is  so  perfect,  and  whose 
temperature  is  so  high,  that  I have  ven- 
tured to  remark  that  they  never  become 
torpid  from  cold,  have  the  air  conducted 
not  only  into  their  lungs  but  into  the 
cavities  of  some  of  their  bones.  Their 
respiratory  organs  are  very  different  from 
those  of  oviparous  quadrupeds,  which 
constitute  the  most  numerous  class  among 
hybernating  animals. 

The  leaves  are  the  organs  of  respira- 
tion in  vegetables  ; and  as  these  are  em- 
ployed only  during  a part  of  the  year, 
there  is  no  difficulty  in  believing  that 
trees  and  plants  become  torpid  in  winter. 
But  the  constitution  of  the  human  body 
is  so  widely  different,  the  powers  of  the 
human  mind  are  so  adapted  to  supply 
food,  and  external  warmth,  and  whatever 
can  counteract  the  benumbing  effects  of 
cold,  that  it  seems  to  me  more  philoso- 
phical 
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pliical  to  look  upon  the  exemption  of 
mankind  from  torpidity  as  another  cha- 
racteristic mark  of  their  superior  nature. 
The  use  of  clothing,  the  discovery  of  the' 
iise  of  fire,  and  the  regular  vicissitudes 
of  sleeping  and  waking  which  are  ne- 
cessary to  support  and  recruit  the  con- 
tinual waste  of  the  system,  all  militate 
against  the  possibility  of  animation  being 
suspended  for  anj^  length  of  time  from 
the  operation  of  cold.  To  which  may 
be  added  the  total  want  of  authentic 
histories  of  such  occurrences  in  countries 
where  external  circumstances  are  most 
favourable  for  them. 
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SECTION  IV. 

GENERAL  REMARKS  ON  TORPIDITY, 
ON  SLEEP,  AND  ON  THE  APPLICA- 
TION OF  COLD  IN  DISEASES. 

In  attempting  to  explain  any  fact  in 
natural  history,  we  must  first  determine 
what  appearances  necessarily  constitute 
its  nature,  and  then  choose,  among  the 
general  Taws  which  regulate  the  oecono- 
my'of  animals,  a sufficient  ground  for 
the  production  of  the  pheenomena.  The 
first  part  of  this  task  being  already  per- 
formed, I now  proceed  to  enumerate  the 
circumstances  which  form  the  remaining 
part  of  my  subject,  and  I shall  conclude 

with 
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with  some  general  reflections  which  have 
been  suggested. 

The  remote  causes  of  torpidity  in  ani- 
mals induce  directly  or  indirectly  a pe- 
riodical debility  in  the  vascular  system, 
which  debility  is  connected  with  an  al- 
teration in  the  crasis  of  the  solids  and 
fluids,  and  in  the  action  of  the  nervous 
system.  That  debility  is  proved  by  the 
weakness  of  the  pulse,  by  the  suspension 
of  respiration,  by  the  diminution  of  the 
temperature,  and  by  the  accumulation  of 
the  blood  in  the  internal  parts : the  al- 
teration in  the  crasis  of  the  solids  and 
fluids  must  be  a probable  consequence 
of  the  changes  observed  in  the  secretions, 
particularly  in  the  lungs,  in  the  sto- 
mach, and  in  the  muscles.  The  ner- 
vous system,  whose  energies  depend  so 

much 
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much  upon  the  mechanical  and  chemical 
effects  of  the  circulation,  partakes  of  the 
affection  of  the  vascular  system,  and  is 
perhaps  one  of  the  most  immediate  means 
of  diffusing  the  influence  of  that  affection 
over  the  rest  of  the  body. 

Cold  and  the  want  of  food  are  the  prin- 
cipal remote  causes  of  torpidity  : it  is 
only  necessary  to  attend  to  the  progress 
of  the  phajnomena  to  be  assured  of  this, 
and  negative  arguments  can  never  in- 
validate the  positive  evidence  of  accurate 
observers.  It  may  be  said  that  these 
causes  merely  act  upon  a predisposition, 
or  excite  it  to  break  out  when  its  germs 
already  exist : but,  in  truth,  all  predis- 
posing and  exciting  causes  pass  into  each 
other ; they  are  one  and  the  same,  when 
considered  relatively  to  the  state  of  the 
animal  itself;  they  all  change  the  powers 

of 
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of  the  system,  and  that  new  condition 
of  the  system  is  the  proximate  cause  of 
torpidity. 

Animals  become  torpid  under  precise- 
ly similar  circumstances  in  every  quarter 
of  the  globe  ; and  I am  more  inclined  to 

t 

attribute  these  alleged  effects  to  cold 
and  want  of  food,  because  they  may  be 
kept  alert  during  winter  by  a constant 
supply  of  caloric  and  nourishment. 

The  late  Dr.  Currie,  after  having  suc- 
cessfully devoted  his  attention  to  ex- 
perimental inquiries  into  the  relations  of 
animal  temperature  in  health  and  disease, 
has  extended  the  influence  of  this  one 
process  over  all  the  phosnomena  of  life, 
and  even  grounded  his  distinction  of  vi- 
tality upon  it.  “ If  a definition  of  life  were 
required,'"  says  he,  “ it  might  be  most 
clearly  established  on  that  capacity  by 

which 
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which  the  animal  preserves  its  proper  heat 
under  the  various  degrees  of  temperature 
of  the  medium  in  which  it  lives  — The 

phjenomena  of  torpidity,  however,  prove 
this  sweeping  conclusion  to  be  as  un- 
founded as  many  of  those  which  that 
distinguished  writer  so  justly  condemn- 
ed ; although  it  may  be  true  as  far  as 
the  human  body  is  concerned^  which 
Dr.  Currie  has  exclusively  examined. 

From  the  circumstances  attending  the 
torpidity  of  warm-blooded  animals  being 
precisely  similar  to  those  of  the  other 
classes,  a very  powerful  and  incontrover- 
tible argument  may  be  deduced  against 
the  hypothesis  that  life  is  a forced  state^^ 
and  depends  altogether  on  tlie  continued 
exhibition  of  stimulants.  The  same  facts 
also  prove  the  weakness  and  insufficiency 


* Medical  Reports,  vol.  i.  p,  264. 
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of  the  theories  of  Dr.  Brown  and  Dr. 
Darwin,  in  that  position  connnon  to  them 
both,  that  the  sensorial  power,  or  excita- 
bility, is  a substance  which  accumulates 
and  diminishes  in  the  inverse  ratio  of  the 
stimulation.  For  the  series  of  changes 
in  torpid  animals  are  inexplicable  upon 
their  hypotheses;  instead  of  being  perio- 
dical the  torpor  would  be  permanent, 
according  to  their  theories.  They 
have  overlooked  the  influence  of  cold 
upon  the  sensations  which  Dr.  Cur- 
rie has  the  great  merit  of  pointing  out, 
and  they  have  not  attended  to  the  man- 
ner in  which  the  system  recovers  its  ex- 

ft/ 

citability. 

The  theory  of  the  production  of  ani- 
mal heat  by  respiration  is  far  from  be- 
ing perfect : indeed,  the  chemical  investi- 
gation of  any  one  animal  function  cannot 
at  present  be  followed  out  to  any  great 

length 
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length  separately  from  the  rest.  An 
organized  body  is  a whole,  in  which 
phccnomena  arise  from  and  mutually 
depend  upon  each  other,  with  due  rela- 
tion to  external  physical  circumstances. 
Some  important  facts,  however,  have 
been  discovered  ; and  I think  that  I am 
authorized  in  drawing  the  following  con- 
clusions from  the  present  inquiry  : — 

First,  That  the  temperature  of  ani- 
mals is  essentially  connected  with  the 
function  of  respiration. 

Second,  That  the  temperature  may  be 
varied  by  corresponding  variations  in  the 
respiration,  without  injury  to  life  ; but 
this  range  of  variation  is  less  in  the  more 
perfect  animals  than  in  the  Amphibia  or 
cold-blooded. 

Third,  That  it  is  most  uniform  in  man, 
and  in  animals  which  consume  most  oxy- 
gen, though  uniformity  of  temperature 
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is  not  to  be  considered  as  the  most  essen- 
tial characteristic  of  animal  life. 

Lastly,  That  torpidity  is  natural  to 
some  animals,  and  is  the  means  furnish- 
ed by  nature  for  preserving  life  under 
circumstances  of  difliculfcy  and  danger. 

It  only  remains  now  to  conclude  with 
some  reflections  sup;2:ested  bv  the  facts^ 

OO  ^ 

detailed  in  the  foregoing  pages. 

In  tracing  back  the  pha3nomena  of  hy- 
bernation, we  cannot  help  being  struck 
with  the  great  influence  of  three  principal 
functions,  i-espiration,  perspiration,  and 
dio-estion  : besides  the  action  of  the  ner- 

O 

vous  system,  which  it  is  impossible  ex- 
actly to  estimate  or  describe. 

Nothing:  can  be  more  admirable  than 
the  result  of  forces  continually  varying 
and  continually  balancing  each  other, 

which  are  observed  every  moment  in  the 

«/ 

animal 
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animal  oeconomy,  but  particularly  in 
animals  under  the  influence  of  cold. 
Respiration,  by  producing  in  the  lungs, 
and  probably  in  other  parts  of  the  sy- 
stem, a slow  combustion  of  the  hydro- 
gen and  carbon  contained  in  the  blood, 
occasions  a disenj^a cement  of  calorie 

O O 

absolutely  necessary  for  the  existence  of 
animal  life : perspiration  facilitates  the 
disengagement  of  some  portion  of  car- 
bonic acid,  and  perhaps  some  other 
noxious  matter,  by  giving  out  perspirable 
matter  to  the  surrounding  air,  and  pre- 
vents at  the  same  time  the  accumulation 
of  any  excess  of  heat:  digestion  furnish- 
es the  blood  with  water,  hydrogen,  and 
carbon,  and  not  only  restores  to  the  ani- 
mal  machine  what  it  loses  by  perspira- 
tion and  respiration,  but  afterwards  re- 
jects what  is  hurtful  or  superfluous. 

This  is  what  takes  place  in  the  ordi- 

narv 
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nary  state  of  the  animal  oeconomy  ; but 
when  the  external  circumstances  are  vari- 
ed, the  resources  are  equally  multiplied, 
and  the  equilibrium  is  still  preserved. 
When  the  two  faculties  of  sensation  and 
voluntary  motion  are  suspended,  they 
influence  all  the  collateral  functions.  If 
an  animal  be  reduced  to  a state  of  inac- 
tion and  repose,  the  respiration  becomes 
slow,  and  the  circulation  likewise ; it 
consumes  less  air,  exhales  less  from  the 
lungs  and  skin,  and  consequently  has 
less  need  of  nourishment.  If  it  be  rous- 
ed to  great  exertion,  the  respiration  is 
accelerated,  the  consumption  of  air  is 
irreater,  the  exhalations  are  more  con- 

O ' 

siderable,  and  consequently  a larger  sup- 
ply of  food  is  necessary  to  repair  what  is 
expended.  In  this  case,  if  the  equilibrium 
cannot  be  kept  up,  disease  and  death  is 
the  consequence.  Man  in  this  respect  is 

far 
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far  superior  to  all  other  animals  : he  can 
live  in  all  temperatures,  and  in  all  cli- 
mates : his  functions  are  more  capable 
of  resistance  to  external  circumstances, 
and  his  system  triumphs  where  others 
yield. 

' If  he  he  exposed  to  intense  cold,  the 
contact  of  the  air  w'ith  the  lungs  be- 
comes more  considerable  from  it^  greater 
density ; more  air  is  decomposed,  and  con- 
sequently more  caloric  is  disengaged, 
which  supplies  the  loss  by  the  external 
temperature,  whilst  the  perspiration  dimi- 
nishes ; and  as  the  evaporation  becomes 
less,  the  internal  wnrmth  is  better  pre- 
served. The  contrary  effects  take  place, 
if  he  go  into  a hot  climate.  The  air 
being  less  dense,  its  contact  with  the 
blood  in  the  lungs  is  less  considerable, 
a smaller  quantity  of  air  is  decomposed, 
less  caloric  is  disengaged,  a more  abun- 
dant 
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clant  perspiration  is  established,  a greater 
quantity  of  caloric  is  carried  off,  and  in 
this  way  an  almost  uniform  degree  of 
heat  is  observed 

There  is  some  analogy  between  tor- 
pidity and  sleep  : both  of  these  situa- 
tions, into  which  the  animal  system  is 
thrown,  are  not  usually  termed  diseases, 
when  in  moderate  degrees  ; yet  they 
abound  with  many  curious  phccnomena 
yery  opposite  to  the  common  acceptation 
of  life  and  health.  The  body  during 
sleep  loses  partially  or  wholly  its  excita- 
bility, or  the  power  of  being  acted  upon 
by  the  different  states  of  mind  which  its 
actions  were  accustomed  to  succeed  ; but 
the  susceptibilities  of  the  mind  itself  con- 


* Johnson’s  Animal  Chemistry,  vol.  iii. 
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tinue  nearly  the  same  as  In  the  awaken-r 
ed  state.  Tlie  vital  functions  conlinue 
during  sleep,  but  they  are  exercised  with 
less  force : — the  pulse  and  respiration 
become  slower,  the  temperature  of  the 
body  is  diminished,  the  peristaltic  mo- 
tion of  the  intestines  retarded,  and  all 
the  secretions  and  excretions  decreased. 

Sanctorius  and  Dr.  Darwin  have  con- 
tradicted this  statement  of  facts.  They 
assert  that  the  pulse  is  increased  in  fre- 
quency, that  the  evolution  of  caloric  is 
greater,  and  the  assimilation  of  aliment 
more  rapid  and  complete  : but  these  as- 
sertions are  unsupported  by  proofs. 

It  is  well  known  that  the  frequency  of 
the  pulse  is  diminished  during  sleep,  and 
becomes  softer ; which  is  observed  in  fe- 
vers, and  in  diseases  accompanied  with 
local  inflammation.  The  evolution  of 

cajoric  is  less,  because  the  thermonie- 
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ter  indicates  less  heat  upon  the  surface 
after  sleeping  several  hours  in  fevers, 
because  more  covering  is  required  to 
kee])  us  from  feeling  cold  than  when 
awake ; and  because  a person  complains 
of  cold  and  is  chilly  w hen  he  awakes,  if 
he  goes  to  sleep  in  a chair,  even  before  a 
fire. 

It  is  impossible  to  state  the  pi’ecise 
quantity  of  secreted  fluids  during  sleep, 
because  a part  may  be  reabsorbed  into 
the  system  : wdth  respect  to  perspiration, 
that  appears  from  the  experiments  of 
Bryan,  Robinson,  and  Keil,  to  be  dimi- 
nished. In  salivation  from  mercurv,  the 

%/ 

discharo:e  is  less  during  the  night : in 

o o o 

diarrhoea  also,  and  in  catarrh,  the  secre- 
tions are  much  less  in  the  night  than 
during  the  day,  and  the  quantity  of 
urine  is  less  in  any  given  time  passed  in 
sleep.  The  secretion  of  adipose  mat- 
ter 
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ter  has  been  said  to  be  one  exception  to 
the  general  rule  ; for  it  is  well  known 
that  animals  which  sleep  much,  grow 
fat ; and  this  circumstance  is  taken  ad- 
vantage of  by  those  who  fatten  cattle 
and  fowls  for  market.  This  seems  to 
have  given  rise  to  the  vulgar  error,  that 
animals  grow  fatter  during  their  winter 
torpor,  whilst  it  is  forgotten  that  the 
requisite  supply  of  nourishment  is  sus- 
pended. The  fact,  however,  holds  good 
with  regard  to  the  effect  of  much  sleep> 
upon  man.  Boerhaave  relates  the  history 
of  a physician  who  took  it  into  his  head 
that  sleep  was  the  natural  state  of  man; 
and  in  compliance  with  his  favourite 
theory  he  slept  eighteen  out  of  the  twen- 
ty-four hours,  till  he  became  very  cor- 
pulent, and  died  suddenly  of  apoplexy. 

The  remote  causes  of  sleep  may  be  all 
arranged  under  three  heads  : — 


First, 
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First,  Those  M’hich  diminish  the  pow- 
ers of  the  system  for  action. 

Second,  Tliose  which  take  from  arte- 
rial blood  its  power  of  supplying  the  ex- 
citability of  the  system. 

Third,  Those  which  have  been  called 
by  Dr.  John  Brown  directly  debilitat- 
ing, which  consist  in  the  abstraction  of 
those  stimuli  absolutely  necessary  for 
existence. 

Fatigue  of  body  and  mind, — dimi- 
nished quantity  of  oxygen  in  the  air  re- 
ceived into  the  lungs,^ — removal  of  im- 
pressions from  external  stimuli,  as  light 
and  heat, — removing  uneasy  sensations, 
are  the  principal  remote  causes  of  sleep. 

Opium  and  other  narcotics  induce 
sleep  in  a way  somewhat  analogous  to 
mental  and  corporeal  exertion  ; but  in 
what  this  diminished  aptitude  for  labour 
consists,  is  not  known,  though  the  fact 

is 
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*18  observed  daily.  The  mode  in  which 
cold  acts  in  producing  sleep  is  difficult 
to  be  explained  according  to  the  com- 
mon theories ; since  the  sensation  of 
cold  in  the  feet,  or  in  the  fingers,  is  one 
of  the  most  certain  means  of  preventing 
sleep,  while  excessive  degrees  of  cold  ir- 
resistibly dispose  to  it.  All  the  phaeno- 
mena  of  sleep  and  torpidity  show  that 
both  are  affections  of  the  nervous  system; 
but  what  is  the  particular  state  of  that 
system,  and  in  what  the  difference  be- 
tween them  consists,  cannot  be  satisfac- 
torily explained.  We  are  ignorant  how 
the  functions  of  the  nerves  are  perform- 
ed, and  therefore  we  cannot  be  ex- 
pected to  explain  how  they  are  inter- 
rupted. 

It  was  common  among  physiologists 
to  refer  the  operation  of  the  senses  to  a 
particular  secretion  in  the  brain  and 
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nerves,  called  animal  spirits,  or  nervous 
fluid.  Sleep  M^as  attributed  to  the  ex- 
haustion of  this  fluid,  and  the  awakened 
state  to  its  accumulation.  But  the  ex- 
istence of  this  fluid  is  quite  hypotheti- 
cal ; the  tubular  structure  of  the  nerves 
is  not  ascertained;  and  no  fluid  was  ever 
seen,  except  by  Fontana  ; and  what  he 
describes  is  a gelatinous  liquor  very  dif- 
ferent from  what  would  be  supposed  fit 
for  the  purpose  of  conveying  impressions. 
No  place  has  been  found  in  the  brain 
for  its  accumulation,  and  no  traces  of  it 
can  be  detected  in  that  organ. 

After  refuting  this  theory,  Haller  sub- 
stituted the  following : he  compared 
sleep  to  a state  of  apoplexy,  produced 
by  accumulation  and  pressure  of  blood 
in  the  brain.  But  natural  sleep  differs 
very  much  from  this  kind  of  sopor ; the 
body  is  not  recruited  or  refreshed  by  it, 

as 
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as  we  find  all  sorts  .of  compression  upon 
the  brain  tend  to  exhaust  the  muscular 
solid,  and  the  symptoms  of  apoplectic 
sopor  are  manifestly  different  from  those 
of  sleep.  A tendency  to  sleep  is  pro- 
duced by  profuse  haiinorrhage,  especially 
in  the  erect  posture,  when  no  accumu- 
kition  in  the  head  can  be  suspected ; 
and  we  are  told  that  the  Romans,  who 
voluntarily  opened  their  veins  in  the 
warm  bath  to  avoid  the  fury  of  their  ty- 
rannical emperors,  fell  into  a state  of 
slumber  before  death. 

These  two  theories  being  considered 
insufficient  to  account  for  the  phaenome- 
na,  Dr.  Cullen  suggested  another  which 
has  given  birth  to  great  discussion.  He 
supposed  that  sleep  was  owing  to  a 
change  in  the  nervous  system,  by  which 
it  became  torpid  and  less  readily  brought 
into  action,  and  to  tins  state  he  gave 

the 
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the  name  of  collapse.  Under  the  term 
collapse  all  the  animal  powers  are  in- 
cluded, because  he  supposed  the  muscles 
to  consist  of  nervous  fibres  ; and  the 
term  itself  corresponds  exactly  with  the 
debility  of  Brown,  and  the  exhaustion  of 
the  sensorial  power  of  Darwin.  Our 
waking  state  Cullen  called  that  of  excite- 
ment which  he  distinguished  into  two 
kinds,  as  they  relate  to  the  mobility  or 
vigour  of  the  system,  and  in  the  same 
way  he  distinguished  in  collapse  the 
states  of  torpor  and  weakness.  He  after- 
wards showed,  by  a copious  induction 
from  facts,  that  these  states  of  excite- 
ment and  collapse  may  exist  in  any  part 
of  the  body,  and  that  they  might  be 
more  or  less  partial  and  unequal  ; and 
he  concluded  that  sleep  consisted  in  a 
collapse  of  the  nervous  system  in  gene- 
ral, and  of  the  brain  in  particular.  This 

opinion 
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opinion  is  supported  by  reasoning  ex- 
tremely hypothetical  and  vague,  and 
can  only  be  considered  an  unsuccessful 
attempt  to  generalize  the  plnenomena  of 
sleep.  In  his  examination  of  the  remote 
causes  there  is  one  valuable  remark,  viz. 
that  all  the  causes  of  violent  excitement 
in  the  end  produce  collapse* 

The  acuteness  and  sagacity  of  John 
Brown  soon  led  him  to  detect  an  error 
in  his  maste/s  theory,  which  served  as 
the  foundation  of  his  own.  He  remark- 
ed the  inconsistency  of  attributing  the 
same  effects  to  opposite  causes,  as  ' in 
saying  that  sleep  arose  from  the  absence 
of  impressions  and  the  gratification  of 
most  vehement  desires,  from  exposure 
to  severe  cold,  and  from  warmth,  from 
the  abstraction  of  blood,  and  the  taking 
food  into  the  stomach,  from  great  ex- 
citement, and  from  none  at  all.  Having 

L detected 


146 


Darwin’s  theory. 


detected  this  fallacy  in  Cullen’s  explana- 
tion, he  proceeded  to  deliver  his  own. 
He  observes  that  ‘ life  is  a forced  state,’ 
an  opinion  which  has  gained  a great  deal 
ot  credit  for  him  and  his  doctrine,  but 
which  in  truth  first  originated  with  Dr. 
Cullen.  The  remote  causes  he  arranged 
under  two  heads,  either  the  direct  or  in- 
direct debilitating  powers  ; the  ultimate 
effect  »of  which  in  every  instance  is  said 
to  be  debility  or  collapse. 

The  author  of  Zoonomia  has  arrived 
at  the  same  conclusion,  though  he  has 
followed  a different  course. 

The  Brunonians  have  searched  after 
resemblances  of  excitement  more  than 
its  differences ; hence  their  works  are 
disfigured  with  false  generalizations,  and 
their  practice  has  vibrated  between  neg- 
ligence and  rashness ; hence  their  cura- 
tive indications  are  marked  by  total  neg- 
lect 
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lect  of  the  connections  and  dependences 
of  the  different  functions  and  of  the  or- 
ganic derangements  which  take  place  in 
diseases. 

As  to  the  disputes  about  the  operation 
of  cold,  these  have  been  carried  on  by 
logical  deception,  and  by  the  false  in- 
terpretation of  two  words ; since  all  that 
can  be  understood  by  the  appropriated 
terms  stimulant  and  amounts  to 

this,  that  one  standard  of  temperatureds 
not  the  same  for  exciting  the  energies  of 
all  organized  beings,  because  it  varies  with 
the  capacities  of  different  orders,  and 
even  of  the  same  orders  under  different 
circumstances. 

The  effects  of  cold,  as  a remedy  in 
diseases,  might  be  considered  in  two  se- 
parate parts,  the  first  of  an  historical  na- 
ture, the  second  as  a practical  inquiry. 
Upon  each  of  these  heads  many  valuable 
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remarks  may  be  found  in  several  medi- 
cal and  philosophical  works  published 
within  these  few  years,  particularly  in 
Righi/s  Essay  on  Animal  Heat,  1785  ; 
Curriers  Medical  Reports,  1804  ; and 
Stock's  Medical  Collections  on  the  Ef^ 
fects  of  Cold,  as  a Remedy  in  certain 
Diseases,  1805. 

Cold  water  and  cool  air  applied  to  the 
surface  of  the  body  prove  highly  grate- 
ful and  salutary,  and  often  operate  like 
a charm  in  arresting  the  progress  of  the 
most  formidable  febrile  diseases.  The 
most  striking  effect  of  the  affusion  of  cold 
water,  or  of  washing  the  whole  body,  is 
its  inducing  sleep  ; which  is  the  most  un- 
equivocal sign  of  its  doing  good,  as 
sleep  is  accompanied  by  the  diminution 
of  the  temperature,  a reduction  of  the 
frequency  of  the  pulse,  removal  of  the 
uneasy  sensation  of  heat,  and  frequently 
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by  the  complete  suspension  of  the  whole 
train  of  morbid  actions. 

Although  the  symptoms  of  fever  do 
not  consist  merely  of  actions  which  arise 
from  a preternatural  accumulation  of 
heat,  yet  the  temperature  of  the  body 
is  certainly  an  object  of  the  first  im- 
portance. When  the  skin  is  very  hot, 
the  pulse  is  very  quick ; the  increased 
temperature  is  always  associated  with  in- 
creased vascular  action  ; and  this  morbid 
accumulation  of  heat  becomes  a source 
, of  irritation  to  the  nervous  system,  and 
becomes  likewise  a cause  of  its  own  con- 
tinuance, unless  removed  by  artificial 
means.  If  allowed  to  continue  for  many 
hours,  we  observe  that  this  febrile  heat 
diffuses  itself  over  every  part  of  the  body, 
deranges  the  functions,  weakens  the  con- 
nection between  solids  and  fluids,  de- 
composes the  animal'  matter,  and  at 
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, length  destroys  the  organization.  The 
application  of  cold  water  and  cool  air 
proves  grateful  and  salutary,  not  only  by 
removing  the  disagreeable  sensation  of 
beat,  but  by  some  direct  and  positive 
impression  upon  the  nerves.  That  im- 
pression is  called  a shock  ; and  we  find 
that  a shock  given  to  the  sensibility  of 
the  system  frequently  removes  a febrile 
disease.  At  the  commencement  of  ty- 
phus and  scarlet  fever,  the  curative  ef- 
fects of  the  cold  affusion  are  particularly 
observable.  The  most  important  cir- 
cumstances  to  be  attended  to  in  the  ap- 
plication of  this  powerful  remedy,  are 
comprised  by  Dr.  Currie  in  three  general 
rules  which  cannot  be  too  well  known, 
nor  too  often  repeated. 

I.  It  may  be  used  at  any  time 
when  there  is  no  sense  of  chilliness 
present : 


II.  When 
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II.  When  the  heat  of  the  surface  is 
steadily  above  what  is  natural : and, 

III.  When  there  is  no  general  or  pro- 
fuse  sensible  perspiration. 

Unlike  most  other  useful  propositions 
in  physic,  this  remedy  has  never  been 
attacked,  the  experience  in  its  favour  is 
complete  and  incontrovertible  ; yet  it  is 
not  employed  so  generally  as  it  deserves, 
owing  to  unfounded  apprehensions,  and 
to  prejudices  which  time  alone  can  re- 
move- I am  disposed  to  think  that 
some  of  these  prejudices  may  be  over- 
come by  extending  our  views  to  the  ope- 
ration of  such  a powerful  agent  as  cold, 
upon  other  bodies  besides  our  own  ; and 
with  this  view,  perhaps,  some  remarks 
contained  in  the  foregoing  pages  may 
not  be  entirely  useless.  By  looking  into 
physical  causes,  our  minds  are  opened 
and  enlarged ; and,  whether  we  gain  the 

information 
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information  \ve  wish  for,  or  whether  we 
lose  sight  of  it,  some  advantage  is  al- 
ways derived  from  the  pursuit.  “ Est 
animorum  ingeniorumque  nostrorum  na- 
turale  quoddam  quasi  pabulum  conside- 
ratio  contemplatioque  naturaB,”  says 
Cicero.  If  the  lights  derived  from  such 
interesting  speculations  can  be  directed 
upon  the  different  branches  of  natural 
science,  whilst  we  investigate  the  causes 
and  trace  the  series  of  actions  in  orga- 
nized bodies,  we  may  not  only  commu- 
nicate to  physiology  solid  information, 
but  we  may  reflect  back  upon  medicine 
some  knowledge  of  the  vital  functions, 
without  which  the  greatest  proficiency 
in  that  science  will  have  somethino-  de- 

O 

fective. 

FINIS. 
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